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Six  unique  Methods  for  the  rtpid  identification  of  virus  have 
been  devised  and  investigated  to  determine  their  potential  suitability 
for  use  in  the  fabrication  of  a  new  virus  identification  system.  In  the 
phagocytosis  in  vitro  studies  ve  prepared  iamune  NBC  and  observed  their 
response  when  challenged  vith  virus.  Inpedance  measurements  on  phospho¬ 
lipid  bilayer  aeabranes  in  buffer  solutions  have  been  used  to  detect  the 
immune  reaction.  The  effects  of  virus  challenge  on  the  electrophoretic 
migration  rate  of  antibody  coated  plastic  particles  and  tanned  sheep  red 
blood  cells  have  been  measured.  Hydrogen  overvoltage  measurements  have 
been  performed  on  solutions  containing  antibody  and  antigen-antibody 
complexes,  fluorescent  tagged  antibody  has  been  employed  in  the  single 
and  double  inmuno -diffusion  techniques  in  an  effort  to  visualize  the 
"soluble”  virus-antibody  conjugates.  Virus  has  been  tagged  vith  rhodamlne 
to  permit  its  use  vith  immobilised  antibody  for  a  viral  identification 
process.  Molecular  sieves  and  ion  exchange  resins  have  been  employed  in 
studies  for  the  separation  and  detection  of  "soluble"  virus-antibody 
complexes . 

from  these  studies  m  have  concluded  that  the  im  vitro  phago¬ 
cytosis  approach  ia  likely  to  lead  to  a  very  sensitive  virus  Identification 
system  if  methods  for  obtaining  uniformly  sensitive  UBC  can  be  developed. 
The  phospholipid  bilayer  membrane  approach  also  suffers  from  the  diffi¬ 
culty  of  being  difficult  to  control  or  reproduce,  fundamental  research 
on  both  of  these  approaches  is  recommended  although  immediate  success  is 
not  anticipated. 

The  use  of  fluorescent  antibodies  in  combination  vith  the  im¬ 
munodiffusion  process  is  not  expected  to  be  valuable  for  the  identification 
of  virus}  however,  this  approach  for  the  detection  of  insoluble  antigen- 
antibody  conjugates  ia  expected  to  yield  at  least  a  tenfold  increase  in 
sensitivity  over  the  usual  immunodiffusion  methods. 

Our  results  vith  the  "soluble"  virus-antibody  complexes  are  of 
a  preliminary  nature  but  they  are  moat  encouraging.  Me  are  recommending 
that  e  high  priority  be  given  to  an  extension  of  the at  studies  and  that 
the  nev  studies  Include  specifically! 

1.  The  labeling  of  viruses  vith  a  multiplicity  of  fluoresoant 

tags. 

2.  Hie  use  of  molecular  sieves  for  the  separation  of  "soluble" 
virus-antibody  complemaa. 
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3.  Quantitative  estimates  of  the  minimum  level  of  virus  which 
can  toe  identified  by  the  c oabined  uae  of  fluorescent-tagged  virus  and/or 
antibody  and  gel  filtration  techniques . 

In  addition,  studies  should  be  conducted  to  determine  the  suitability  of 
fluorescent  t egging  of  virus  to  replace  iaotopically- tagged  virus  in  the 
identification  system  based  on  the  use  of  immobilise!  antibodies. 


i.  imopucnoB 


Ou  a  previous  contract  (AP4l( 609) *2459)  a  series  of  20  unique 
methods  of  virus  collection  and  identification  were  devised  and  evaluated 
in  a  preliminary  manner  in  order  to  select  those  Methods  which  show  promise 
for  the  identification  of  fever  than  100  virus  particles  in  6  hr.  and 
which  would  be  suitable  for  incorporation  into  an  automatic  identification 
system.  Identification  methods  which  require  replication  of  the  virus  as 
the  first  stage  of  the  identification  process  were  not  considered  in  this 
study  since  most  viruses  require  more  than  6  hr.  for  the  replication  process 
alone.  On  the  basis  of  information  found  in  the  literature  and  also  on 
the  basis  of  exploratory  studies,  three  of  the  20  methods  were  selected 
as  candidates  for  more  intensive  study.  It  was  understood  at  the  outset 
that  if  these  methods  became  unpromising  in  terms  of  meeting  the  project 
objective  that  we  would  re* investigate  some  of  the  other  methods  or  con¬ 
sider  new  methods  not  then  >\nder  consideration. 

For  six  months  we  concentrated  our  efforts  on  the  application 
of  the  following  four  methods  to  the  identification  of  virus: 

1.  phagocytosis  in  vitro:  Iiuui  and  hyps r Immune  white  blood 
cells  (HBC)  were  prepared  and  allowed  to  react  with  viral  antigen  to  produce 
cellular  changes  or  lysis  which  could  be  monitored  cither  microscopically 
or  by  the  release  of  fluorescent  particles  or  other  fluorescent  materials. 

2.  Synthetic  phospholipid  membrane «:  Phospholipid  bilayer 
membranes  were  prepared  under  the  surface  of  a  buffer  solution  from 
unoxidised  egg  lecithin  end  ox  brain  proteollpid  dissolved  in  tetredecene . 
The  effects  of  antibody,  viral  and  non -viral  antigens,  and  guinea  pig 
complement  on  the  electrical  impedance  of  these  membranes  were  investi¬ 
gated. 

S.  Particle  electrophoresis:  Plastic  spheres  in  the  6-14 
micron  site  range  with  antibody  chemically  bound  to  its  surface  and  tanned 
sheep  red  blood  cells  coated  with  antibody  were  used  to  determine  the 
change  in  electrophoretic  mobility  resulting  when  the  particles  were  chal¬ 
lenged  by  viral  or  non- viral  antigens . 

4.  Hydrogen  a  gradually  increasing  direct  current 

was  applied  to  a  pair  of  working  platinum  electrodes.  The  potential  nt 
the  working  cathode  was  measured  against  a  standard  hydrogan  electrode  to 
data  mine  the  hydrogen  overvoltage  produced  by  the  prase  not  of  antibodies, 
antigens,  or  combinations  of  them.  Although  this  approach  was  not  origi¬ 
nally  included  in  the  methods  chosen  for  investigation  in  this  period.  It 
was  re- investigated  to  tie  vp  east  loose  end*  remaining  nt  the  clone  of 
the  preceding  study. i/ 
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At  the  end  of  six  months  of  intensive  investigation  or.  these 
four  methods,  the  principal  investigators  together  with  the  sponsor  agreed 
that  we  ehovld  concentrate  our  remaining  efforts  of  the  phagocytosis 
in  vitro  approach.  However,  at  the  end  of  an  additional  eight  months  of 
study  on  the  sensitisation  and  lysis  of  white  blood  cells,  there  seemed 
little  hope  that  we  could  develop  a  reliable  and  reproducible  identifica¬ 
tion  procedure  within  the  remaining:  four  months  of  our  contract.  There¬ 
fore,  at  a  joint  conference  with  the  sponsor  at  Brooks  Air  Force  Base  a 
decision  was  made  to  consider  approaches  to  identification  which  might  de¬ 
tect  10*  virus  mrticles  or  less  in  6  hr.  The  two  methods  investigate^ 
during  the  la&o  four  months  of  the  contract  were  as  follows: 

1.  Imnaaod  *  fusion:  We  had  postulated  that  "soluble"  virus- 
antibody  conjugates  produced  in  either  single  or  double  immunodiffusion 
processes  might  be  visible  as  fluorescent  bands  provided  that  fluorescent 
antibody  was  employed  in  place  of  non-labelled  antibody.  We  also  hoped 
that  the  use  of  fluorescent  antibody  would  improve  the  sensitivity  of  those 
immunodiffusion  processes  in  which  precipitin  reactions  are  normally  ob¬ 
served.  We  therefore  prepared  fluorescent-tagged  antibodies  and  investi¬ 
gated  them  for  both  viral  and  non- viral  systems. 

2.  Studies  of  virus -antibody  complexes:  The  standard  immuno¬ 
diffusion  procedures  are  unsuited  for  virus  identification  because  many 
of  the  virtues  do  not  give  visible  bands  or  precipitates;  this  is  in  con¬ 
trast  to  Ktactfrial  and  other  antigens  which  do  give  precipitates.  Rec¬ 
ognizing  that  we  would  need  to  measure  "soluble"  complexes  of  virus  and 
their  antibodies,  we  investigated  methods  for  tagging,  separating  and  id¬ 
entifying  such  complexes  from  the  two  individual  components  used  to  pre¬ 
pare  t  ie  complexes. 


II.  EXPERIMENTAL 


In  the  following  sections  will  be  found  descriptions  of  each  of 
the  identifications  systems,  the  results  obtained  with  that  system  and  our 
recommendations  for  future  rk  with  some  of  these  methods. 


A.  Phagocytosis  In  Vitro 


1.  Introduction 

In  the  previous  studyi/  one  of  the  more  premising  of  a  number  of 
potential  methods  for  the  identification  of  small  numbers  of  viral  particles 
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was  based  upon  the  phagocytic  changes  observed  when  immune  white  blood 
cells  were  exposed  to  the  antigen  to  which  they  (the  WBC)  were  sensitized. 
Sensitized  WBC  for  such  studies  may  be  obtained  by  the  active  inauniza- 
tion  of  animals  providing  the  WBC  or  the  normal  WBC  of  a  normal  animal  may 
be  "passively"  sensitized  in  vitro  by  appropriate  treatment  with  immune 
sera.  These  WBC  changes  (i.e.,  reaction  with  virus)  occur  "in  vitro"  as 
well  as  "in  vivo"  and  trie  cellular  reactions  are  very  rapid.  The  efforts 
in  the  present  study  were  aimed  at  developing  an  "in  vitro"  procedure  which 
would  be  capable  of  meeting  the  goals  outlined  for  the  project. 

Since  the  phagocytic  changes  in  WBC  produced  by  the  antigen- 
antibody  reaction  are  immunological  in  nature,  the  method  offered  the 
specificity  needed  to  provide  an  identification  of  an  unknown  virus.  The 
earlier  data  indicated  that  the  method  appeared  promising  since  lytic  and 
cellular  changes  were  obtained  in  WBC  exposed  to  the  specific  virus  for 
whic.i  they  were  sensitized.  The  currently  reported  studies  were  made  in 
an  effort  to  improve  the  regularity,  sensitivity,  and  ease  of  performing 
the  in  vitro  test  procedures.  Emphasis  has  been  placed  on  improving  the 
techniques  for  the  readout  of  the  cellular  lysis  and/or  changes. 

Expansion  of  the  preliminary  studies  to  include  multiple  virus 
and  cell  systems  was  done  in  order  to  determine  the  suitability  of  the 
method  for  a  broad  application  in  viral  identification. 

As  an  integral  part  of  the  study  many  facets  of  the  test  proper, 
the  properties  of  reagents,  and  the  preparation  of  the  sensitized  WBC  sus¬ 
pensions  were  investigated  since  it  was  hoped  that  the  composite  result 
would  be  a  simple,  rapid,  easily  monitored  in  vitro  procedure. 

The  following  sections  present  the  methods,  experimental  ap¬ 
proaches,  results,  discussion  and  conclusions  of  the  studies  on  phagocytosis 
in  vitro  for  viral  identification. 

Materials  and  methods;  The  basic  methods  for  viral  growth, 
titratic  i  and  immunisation  of  animals  for  the  in  vitro  phagocytic  studies 
were  those  used  for  the  previous  contract  (AR4l( 609} -2439) .1/  Also,  the 
basic  principles  and  methods  for  the  current  phagocytic  tests  were  similar 
to  those  described  in  the  quarterly  and  final  reports  of  this  same  con¬ 
tract. 

However,  in  these  later  efforts  to  develop  virus  identification 
techniques  through  use  of  phagocytic  methods,  we  obtained  and  utilized  a 
new  cell  line  and  a  new  immunological  system  for  an  arthropod-borne  virus, 
Semiiki  Forest  Virus. 
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a.  WISH  human  amnion  cell  line:  This  cell  line  was  obtained 
from  the  American  Type  Culture  Collection  and  adapted  to  MRI  cultivation 
techniques  using  Medium  199  and  2  percent  calf  serum.  It  was  obtained  so 
that  sane  of  the  viruses  being  studied  could  be  cultivated  in  two  different 
cell  systems.  This  permitted  us  to  eliminate  or  prevent  an  antigen- 
antibody  reaction  in  the  phagocytic  reactions  due  to  cellular  antigens. 

Calf  serum  was  utilized  in  the  propagation  of  the  WISH  cells  for  a  similar 
reason.  Our  LLC-MK2  (monkey  kidney  line)  cells  were  cultivated  in  M-199 
and  horse  serum.  By  use  of  these  two  different  sera  in  the  two-cell  sys¬ 
tems  we  did  not  have  to  worry  about  an  antigen-antibody  reaction  in  the 
phagocytic  tests  due  to  the  serum  used  in  cultivation  of  the  cells. 

The  WISH  cell  line  was  satisfactorily  stored  in  the  frozen  state 
by  using  glycerin  as  a  stabilizer.  This  procedure  was  also  used  with  the 
U1C-MK2  monkey  kidney  cell  line. 

b.  Preparation  of  new  poliovirus  pools  and  immunization  of 
rabbits:  We  produced  new  virus  pools  using  the  WISH  cell  line  and  used 
these  pools  for  the  immunization  of  newly  acquired  rabbits.  These  were 
immunized  by  incorporating  the  appropriate  virus  in  complete  Freund's 
adjuvant  and  injecting  the  emulsions  subcutaneously  on  each  of  two  oc¬ 
casions.  Four  weeks  after  the  second  adjuvant  dose  the  rabbits  were  given 
booster  injections  of  an  aqueous  suspension  of  virus.  These  rabbits  and 
several  rabbits  previously  immunized  during  the  previous  study  were  the 
source  of  immune  white  blood  cells  (WBC)  for  our  phagocytic  studies. 

Normal  control  rabbits  were  also  kept  as  a  source  of  normal  WBC. 

c.  Application  of  WBC  procedure  for  Semliki  Forest  Virus  system: 
Since  we  needed  to  expand  our  previous  phagocytic  observations  (made  with 
poliovirus)  to  another  viral  system,  we  obtained  Semliki  Forest  Virus  and 
prepared  the  appropriate  antisera,  virus,  and  immune  animals  for  additional 
phagocytic  tests.  Semliki  Forest  Virus  (SFV),  a  member  of  the  anthropod- 
borne  virus  group,  is  a  virus  which  can  be  utilized  as  a  simulant  for  one 
group  of  viruses  of  biologic  importance  both  in  biological  warfare  and  in 
clinical  virology;  yet,  it  may  be  handled  with  relative  ease  and  freedom 
in  the  laboratory. 

Although  we  studied  Semliki  Forest  Virus  in  a  number  of  cell 
systems,  we  found  that  primary  chick  embryo  cultures  were  the  best  for 
our  work;  therefore,  we  prepared  Semliki  Forest  Virus  pools  in  chick  embryo 
tissue  cultures.  Virus  in  the  form  of  mouse  brain  suspensions  was  obtained 
by  intracerebral  inoculation  of  mice  and  harvest  of  the  infected  brains. 
Thus  we  had  two  distinct  tissue  sources  of  SFV  for  our  phagocytic  work  and 
for  the  immunization  of  animals. 
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A  group  of  rabbits  ware  immunized  with  chick  embryo  tissue  cul¬ 
ture  grown  317  virus.  The  virus,  in  Freund's  complete  adjuvants  was  used 
for  the  primary  antigenic  stimulus,  but  the  rabbits  were  boosts red  with 
aqueous  virus . 

Semliki  Forest  Virus  infects  adult  white  rats,  generally  without 
apparent  disease,  yet  produces  antibody  and  immunity  demonstrable  by  stan¬ 
dard  complement  fixation,  hemagglutination  inhibition  and  neutralization 
techniques .£*5/  Young  rats,  less  than  23  days,  usually  succumb  to  infec¬ 
tion.  We  have  taken  advantage  of  this  inapparent  infection  in  adult  rats 
as  a  means  of  obtaining  Immune  animals  as  a  source  of  laswne  sera  and 
WBC.  A  group  of  albino  rats  (Carworth  All  Purpose  Albino  Rats)  were  in¬ 
fected  intraperitoneally  with  3.3  x  107  LDgQi8  (determined  intrace rebrally 
in  mice)  of  Semliki  Forest  Virus  in  the  form  of  an  infected  mouse  brain 
suspension.  No  illness  was  observed  in  these  rats  but  four  such  rats 
were  titered  for  neutralizing  antibody  in  primary  chick  embryo  tissues 
and  had  antibody  levels  of  1  -  32  or  higher  when  tested  against  3170 
TCn>5o's  (tissue  culture  infective  dose  50  percent)  of  Semliki  Forest 
Virus.  Sera  from  control,  non- infected  rats  did  not  neutralize  the  virus. 
Thus,  these  rats  immune  to  Semliki  Forest  Virus  were  used  as  a  source  of 
sera  and  Immune  WBC  for  phagocytic  tests.  Control  non- Infected  rats  were 
also  used. 


2.  Experiments 

a.  3emllkl  Forest  Virus  tests  using  Rabbit  WBC;  Three  rabbits 
hyperimmunized  with  SFV  grown  in  chick  embryo  tissue  were  tested  for  their 
SFV  antibody  levels.  Two  rabbits  had  serum  titers  of  1  -  32  and  the  third 
rabbit  had  a  1  -  64  level  of  antibody  when  tested  against  50  TCISgo 
(tissue  culture  infectious  doses  —  50  percent)  of  SFV.  These  neutrali¬ 
zation  testa  were  done  in  primary  chick  eribryo  cultures,  and  end-points 
were  read  by  observing  the  cytopathologlc  changes  of  stationary  tribe  cul¬ 
tures.  The  levels  of  antibody  cited  were  obtained  after  two  doses  of  ad¬ 
juvant-emulsified  virus  at  two-week  intervals  and  two  subcutaneous  doses 
of  aqueous  virus  45  and  63  days  after  the  first  injection  of  virus.  The 
sera  tested  were  obtained  11  days  after  the  last  virus  injection.  (These 
rabbits  were  later  re-injected  in  order  to  maintain  their  hypersensitive 
state . ) 

Phagocytic  tasta  were  made,  using  NBC  from  the  SFV  inmuni sad 
rabbits.  In  each  test  IBC  from  a  normal  rabbit  were  run  simultaneously 
with  the  immune  WBC.  Since  the  SFV  Immune  rabbits  had  been  immunised 
with  chick  embryo  tissue  culture  grown  virus,  tbs  test  BW  for  tbs  phago¬ 
cytic  testa  was  a  brain  suspension  from  mi  os  inflicted  with  SFV  (except 
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ftor  several  special  trials).  Therefore,  tht  brain  suspension  of  SFV  ves 
used  to  circumvent  such  problems  relating  to  coanon  antigens  in  the  iamuni- 
tiag  and  test  antigens. 

The  first  test  of  the  NBC  from  an  SFV  lnmune  rabbit  was  prelimi¬ 
nary  in  nature  and  the  results  ware  observed  by  both  bright  field  and 
fluorescent  microscopy.  For  the  fluorescent  observations  acridine -orange 
mas  added  and  fluorescence  was  observed  by  means  of  a  microscope  equipped 
with  a  dark  field  condenser  and  appropriate  filters.  (These  fluorescent 
amthods  will  be  discussed  more  fully  later  in  the  report.)  Xmune  WBC 
separated  by  several  different  methods  were  tested  by  mixing  them  in  hang¬ 
ing  drop  preparations  with  0.25  x  10s  TCXDjjq  doses  of  SFV  (mouse  brain 
suspension) .  Granulation,  swelling,  clumping  and  lysis  were  observed  with 
the  bright  field  microscope.  Such  changes  were  not  observed  with  prepara¬ 
tions  of  WC  from  a  normal  rabbit.  Although  the  results  were  similar  to 
those  with  pollorlrua  and  reported  earlier,^/  the  cellular  changes  were 
not  quite  as  pronounced.  By  fluorescent  microscopy  cellular  changes  were 
also  noted,  but  the  fluorescent  changes  which  could  be  seen  were  only  in 
the  nuclei.  The  nuclei  of  « une  WBC  in  the  presence  of  SFV  became  larger, 

more  yellow,  and  more  intensely  fluorescent  than  the  nuclei  of  normal  NBC 
treated  with  SFV.  This  fluorescence  intensity  later  faded.  In  some  im¬ 
mune  NBC  exposed  to  virus,  red  (RKA)  fluorescence  appeared,  but  this  was 
irregular  in  quantity,  size,  and  occurrence.  The  red  RKA  fluorescence 
was  not  observed  in  normal  NBC  treated  with  SFV.  Ne  think  that  these 
fluorescent  observations  are  exceedingly  preliminary,  and  considerable  ex¬ 
perience  needs  to  be  obtained  before  interpretations  can  be  considered 
as  valid. 


In  another  test,  NBC  from  a  SFV  imcune  rabbit  were  tested  for 
their  phagocytic  reactivity  S3  days  after  a  booster  dose  of  antigen.  The 
NBC  preparation  was  observed  to  contain  much  fewer  large  mononuclear  cells 
than  usual.  Nhen  this  NBC  suspension  was  exposed  to  SFV  in  the  form  of 
1-10  mouse  brain  suspension,  the  results  were  quite  equivocal.  Nhen  the 
antigen  (SFV  mouse  brain)  was  diluted  1  -  100,  the  NBC  from  the  SFV  Immune 
rabbit  were  affected  more  than  NBC  from  a  control  normal  rabbit.  Similar 
preparations  examined  by  fluorescence  microscopy  using  0.001  percent 
acridine -orange  as  the  dye  also  exhibited  minor  differences  between  the 
NBC  from  immune  and  normal  NBC  upon  exposure  to  SFV.  These  fluorescent 
changes  were  mainly  in  the  nuclei,  and  consisted  of  more  intense  yellow 
and  more  red  RXA  granules  in  the  immune  cells  in  contrast  to  a  yellow- 
green  fluoresoence  in  the  normal  cells.  The  results  of  this  test  seem  to 
Indicate  the  importance  of  booster  antigenic  stimulus  shortly  before  the 
WC  are  used.  Minor  differences  in  NBC  will  be  difficult  to  observe  by 
fluoresce noe  microscopy  unless  the  changes  are  in  the  nuclei. 


6 


After  the  test  results  reported  above  were  available,  we  thought 
that  an  additional  booster  dose  of  virus  would  improve  the  quality  of  the 
phagocytic  tests.  Consequently  each  SFV  iamune  rabbit  was  given  an 
intravenous  injection  of  aqueous  SFV  (grown  in  chick  embryo  tissue  cul¬ 
ture),  and  the  WBC  reactions  were  studied  six  days  after  this  additional 
immunization.  Tests  were  made  with  WBC  from  each  of  the  three  SFV  immune 
rabbits  and  a  normal  (control)  rabbit  using  a  number  of  dilutions  of 
mouse  brain  virus  and  other  antigens.  The  results  were  exceedingly  en¬ 
couraging  since  all  three  immune  rabbits  demonstrated  the  type  of  cellular 
changes  which  we  had  observed  in  our  earlier  studies  with  polioviru*  ,  yet 
the  WBC  from  the  normal  rabbit  were  not  affected.  These  observations  were 
made  using  bright  field  microscopy  and  are  difficult  to  describe;  however, 
the  results  were  corroborated  by  two  separate  individuals.  Table  1  sum¬ 
marizes  the  variables  and  observations.  We  would  like  to  stress  that 
microscopic  observations  are  very  difficult  to  incorporate  into  a  table 
of  this  type,  and  we  recognize  the  subjective  nature  of  such  observations. 
This  is  one  of  the  handicaps  of  the  phagocytic  tests  and  a  factor  to  be 
considered  in  evaluating  various  methods  of  viral  identification. 

Tests  with  the  WBC  of  all  three  SFV  immune  rabbits  were  easier 
to  read  when  the  virus  was  more  dilute,  and  we  observed  positive  changes 
even  when  the  1  -  100,000  mouse  brain  virus  was  added  to  the  immune  cells; 
yet  the  WBC  from  the  normal  rabbit  did  not  react.  Added  complement  was  not 
essential  to  the  phagocytic  test,  but  the  results  were  somewhat  faster  and 
easier  to  read  when  guinea  pig  complement  was  added. 

Two  tests  with  WBC  from  Semliki  Forest  Virus  (SFV)  immune  rabbits 
illustrate  the  variability  of  results  of  in  vitro  WBC  viral  identification 
tests.  A  test  performed  with  the  WBC  of  three  rabbits  on  August  2,  1966, 
yielded  moderately  good  results  but  another  test  on  August  11,  1966,  of  the 
WBC  from  one  of  the  same  rabbits  failed  to  produce  satisfactory  identifica¬ 
tion  of  Semliki  Forest  Virus. 

In  the  teat  of  August  2,  1966,  the  WBC  from  each  of  three  SFV 
immune  rabbits  reacted  with  250  TCIDgQ  and  higher  concentrations'  of  SFV. 
These  tests  were  performed  in  the  absence  of  guinea  pig  serum  (complement) 
since  the  WBC  were  found  to  be  lysed  by  guinea  pig  serum.  The  interpreta¬ 
tion  of  these  tests  was  complicated  by  the  fact  that  the  WBC  count  had 
dropped  rapidly  in  the  first  few  minutes  of  the  test  —  presumably  by  spe¬ 
cific  lysis.  Morphological  changes  in  the  WBC  were  observed  and  the  WBC 
counts  continued  to  drop  over  the  2  to  5  hr.  period  that  the  slide  prepara¬ 
tions  were  observed.  Normal  rabbit  WBC  did  not  demonstrate  similar  morpho¬ 
logical  changes  and  WBC  count  reductions  when  exposed  to  SFV.  Data  for 
part  of  the  slides  run  on  the  2  August  1966  test  for  the  Identification 
of  SFV  are  incorporated  into  Table  2. 
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The  negative  results  of  August  11,  1966,  for  identifying  SFV  by 
immune  WBC  cannot  be  explained.  The  rabbit  supplying  the  WBC  was  one  of 
the  same  ones  used  in  the  6  August  1966  teat;  therefore,  it  had  been 
bled  and  the  WBC  tested  just  nine  days  earlier.  It  also  had  been  given  an 
intravenous -booster  dose  of  SFV  on  August  5,  1966,  just  six  days  before  the 
second  groups  of  WBC  were  used.  The  booster  dose  of  virus  may  have  ad¬ 
versely  affected  the  response  of  the  WBC  rather  than  enhanced  their  sensi¬ 
tivity  to  virus.  Much  needs  to  be  learned  relating  to  the  proper  timing 
of  antigenic  stimulation  and  use  of  WBC  for  viral  identification. 

b.  Semliki  Forest  Virus  tests  using  rat  WBC;  The  WBC  from  one 
Semliki  Forest  Virus  immune  rat  and  one  normal  rat  were  studied  for  their 
abilit"  to  show  phagocytic  changes  when  exposed  to  the  antigen,  Semliki 
Forest  Virus.  The  Semliki  Forest  Virus  used  was  a  chick  embryo  tissue 
culture  virus  preparation.  Since  this  was  only  a  preliminary  test,  we 
did  not  fully  determine  the  extent  of  the  reactions.  Specific  cellular 
changes  and  lysis  occurred  with  the  immune  rat  WBC  chat  did  not  occur  with 
the  WBC  from  the  normal  rat.  The  extent  of  changes  was  not  as  great  as 
observed  earlier  with  polio  immune  cells  but  we  attributed  this  partly  to 
the  bleeding  and  WBC  separation  techniques  used.  Use  of  a  50-fold  dilution 
of  the  virus  antigen  increased  the  cellular  changes  and  made  them  more 
easily  observed. 

Earlier  in  this  report,  we  indicated  that  white  rats  infected 
with  SFV  developed  antibody  to  the  virus  but  did  not  develop  clinical 
symptoms  of  disease.  The  WBC  of  one  such  rat  were  tested  for  their  re¬ 
action  to  SFV  in  in  vitro  phagocytic  tests.  Specific  cellular  changes  and 
lysis  occurred  with  the  immune  rat  WBC  that  did  not  occur  with  WBC  from  a 
normal  rat.  The  extent  of  the  immune  cell  changes  was  not  as  great  as  had 
been  observed  with  poliovirus. 

Tests  were  subsequently  completed  on  three  more  rats  possessing 
neutralizing  antibody  to  SFV.  These  tests  were  made  four  months  after  the 
rats  had  been  infected  with  SFV.  No  booster  immunization  had  been  at¬ 
tempted  since  we  desired  to  determine  if  WBC  sensitivity  existed  in  animals 
which  had  been  infected,  and  thereby  had  not  been  hyperimmunized.  The 
WBC  from  each  of  the  three  rats  tested  exhibited  some  cellular  changes  when 
exposed  to  SFV,  but  these  changes  were  not  very  pronounced  and  were  not 
sufficiently  strong  to  be  used  to  identify  a  virus.  The  changes  in  WBC 
from  the  immune  rats  were  apparent  only  when  compared  with  the  morphology 
of  normal  rat  WBC  tested  with  the  same  virus.  Immune  WBC  from  SFV  rats 
reacted  more  strongly  when  tested  against  SFV  in  the  form. of  a  mouse  brain 
suspension  than  when  SFV  from  chick  embryo  tissue  culture  was  used.  From 
these  resuHs  we  believe  that  the  infection  in  rata  had  not  led  to  a  hyper¬ 
sensitivity  reaction  even  though  specific  antibody  was  formed  during  the 
Infections. 
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c.  WBC  from  rats  after  SFV  Infection  and  re -Inject ion  of  antigen: 
In  the  previous  section  we  indicated  that  the  WBC  obtained  from  white  rats 
after  infection  with  SFV  exhibited  cellular  changes  upon  in  vitro  exposure 
to  SFV.  However,  the  changes  were  much  less  than  observed  with  polio¬ 
virus  inmune  WBC  and  the  rat  WBC  were  not  considered  sensitive  enough  for 
use  in  viral  identification  procedures.  We  studied  WBC  from  one  of  these 
same  white  rats  after  further  antigenic  stimulation.  Seven  days  after  an 
additional  antigenic  stimulation  by  intravenous  injection  of  SFV  (mouse 
brain  tissue  suspension)  the  WBC  from  the  SFV  ismtune  rat  reacted  to  SFV 

and  normal  rat  WBC  did  not.  The  reaction  was  not  sufficiently  strong  for 
use  in  viral  identification  procedures.  In  attempting  to  enhance  the  SFV 
reaction  by  addition  of  guinea  pig  serum  (complement)  it  was  observed  that 
WBC  from  rats  were  very  quickly  lysed  by  guinea  pig  serum.  This  will  be 
discussed  more  fully  later  in  this  report. 

Seven  days  following  a  second  intravenous  injection  of  SFV,  the 
WBC' s  of  the  same  rat  were  again  studied  for  their  phagolytic  reactions. 

The  extra  antigenic  stimulation  still  did  not  enhance  the  reactions  of  the 
rat  immune  WBC  to  SFV;  therefore,  further  study  of  WBC  from  infected  rats 
aces  not  seem  warranted  at  this  time. 

These  SFV  results  extended  the  phagocytic  technique  to  at  least 
two  viral  systems,  and  offered  encouragement  to  the  possibility  of  apply¬ 
ing  the  technique  to  other  viruses  to  which  we  can  hyperinanunize  animals. 

The  SFV  rabbit  and  rat  studies  suggest  the  importance  of  the 
hypersensitive  state  of  the  animals  providing  the  WBC  for  phagocytic  tests. 
Booster  doses  of  antigen  are  important,  and  it  may  be  necessary  to  keep 
the  animals  highly  immunized  by  regular  booster  doses  of  antigen. 

With  the  sensitivity  of  the  WBC  high,  as  was  the  case  with  the 
SFV  rabbit,  WBC  (and  in  the  earlier  poliovirus  studies),  it  may  be  pos¬ 
sible  to  identify  1,000  or  perhaps  fewer  viral  particles  within  a  few 
hours,  perhaps  even  within  a  few  minutes  after  the  test  is  set  up.  The 
development  of  methods  to  increase  the  sensitivity  and  reliability  of  the 
read-out  are  necessary,  particularly  if  any  type  of  instrumented  unit  is 
to  become  possible. 

d.  Poliovirus  tests  using  rabbit  WBC;  Using  WBC  from  the  new 
groups  of  poliovirus  immune  rabbits,  additional  tests  (previous  tests  under 
Contract  AF4l( 609) -2439)  were  performed  to  verify  the  earlier  observa¬ 
tions  and  in  an  attempt  to  utilize  a  fluorescent  dye  in  the  read-out. 


These  newly  Inamnlzed  raboita  were  injected  with  polio¬ 
virus  grown  in  the  WISH  human  amnion  cell  line  cultivated  in  Medium  199 
(M-199)  supplemented  with  calf  serum  during  the  cell  growth  phase .  For 
virus  to  challenge  the  WBC  preparations,  the  poliovirus  strains  were 
grown  in  the  LLC-MCg  monkey  kidney  cell  line.  The  LLC-MC2  cells  were 
cultivated  in  M-199  supplemented  with  horse  serum  during  the  cell  growth 
period.  Thus  (as  pointed  out  earlier  in  this  report),  we  maintained  sep¬ 
arate  culture  conditions  for  the  antigens  used  for  immunization  and  for 
in  vitro  challenge  of  the  WBC.  This  was  done  to  eliminate  any  false  re¬ 
sults  due  to  antigens  other  than  the  virus  itself. 

In  one  test  we  reconfirmed  our  earlier  results  that  polio¬ 
virus  1  will  cause  swelling,  granular  changes  and  lysis  of  WBC  from  a  polio 
virus  1  immune  rabbit.  Similar  changes  were  not  obtained  when  polio¬ 
virus  1  was  added  to  WBC  from  a  normal  rabbit.  By  bright-field  microscopy 
these  changes  occurred  within  15-60  min.,  and  the  results  were  easier 
to  observe  when  more  dilute  virus  was  added  to  the  WBC.  Changes  were  ob¬ 
served  with  about  10,000  TCIDgg  of  poliovirus  1,  but  no  tests  were  made 
using  less  virus.  These  tests  were  made  four  weeks  after  an  aqueous 
booster  dose  of  poliovirus  1  had  been  given  to  the  immune  rabbits.  We 
are  certain  that  immune  status  of  the  rabbit  can  be  improved  over  that 
possessed  by  the  rabbit  used  for  this  test.  The  rabbit  had  received  two 
doses  of  virus  in  adjuvant  and  one  aqueous  booster  dose.  Aliquots  of 
these  same  WBC  preparations  from  the  poliovirus  1  immune  rabbit  and  the 
normal  rabbit  were  reacted  with  virus  and  spent  tissue  culture  fluid  in 
the  presence  of  acridine -orange  (0.001  percent)  and  observed  by  fluo¬ 
rescence  microscopy.  Fluorescent  changes  were  observed  in  the  immune  WBC 
treated  with  poliovirus  that  did  not  occur  in  normal  WBC.  The  nuclear 
material  in  the  immune  WBC  became  enlarged  and  more  diffuse,  and  bright 
yellow  granules  appeared,  then  faded.  Normal  WBC  treated  with  virus  did 
not  become  bright  yellow  but  remained  a  more  pale  yellow-green.  Their 
color  also  faded  with  time.  Evidently  the  acridine -orange  (AO)  did  not 
prevent  cellular  changes. 

Similar  results  were  obtained  in  a  test  performed  35  days  after 
a  rabbit  had  been  given  a  booster  dose  of  poliovirus.  Photographic  tech¬ 
niques  for  the  fluorescent  examination  were  only  partially  successful. 

The  cytoplasm  did  not  fluoresce  and  appeared  as  a  dark  (black)  halo  around 
the  yellow-green  nucleus. 

Unfortunately  we  failed  to  get  any  results  when  an  additional 
repeat  was  tried  using  WBC  from  a  rabbit  which  had  been  given  a  booster 
dose  of  antigen  seven  days  before  the  test.  The  WBC  from  both  the  normal 
rabbit  and  the  immune  rabbit  had  badly  deteriorated,  and  it  was  impossible 
to  use  them  for  either  fluorescent  or  bright  field  microscopic  studies. 


We  have  no  explanation  for  this  failure  to  get  usable  WBC,  but  the  teat 
illustrates  the  problems  occasionally  encountered  in  WBC  work. 

(l)  Poliovirus  type  1:  Two  additional  series  of  experiments 
with  WBC  from  poliovirus  1  Imrnine  rabbits  were  performed  and  illustrate 
the  variation  in  results  obtained  with  cells  from  the  same  animals.  Data 
obtained  with  WBC  tests  run  July  26,  1966,  were  the  most  favorable  we  ob¬ 
tained,  yet  the  results  observed  in  tests  run  on  September  9,  1966,  with 
WBC  from  the  same  rabbits  were  equivocal  and  definitely  not  of  the  quality 
necessary  to  help  solve  the  virus  identification  problem  within  the  limits 
defined  in  the  scope  of  the  project.  On  July  26,  1966,  two  rabbits  bled 
14  days  after  their  last  injection  of  poliovirus  1  antigen  (intravenously 
administered)  provided  WBC  sensitive  to  poliovirus  1.  Cells  separated 
from  the  bloods  by  use  of  a  Locke -Citrate  solution*/  were  relatively  free 
of  platelets.  These  cells  when  exposed  to  virus  showed  minor  changes, 
clumping,  swelling,  and  changes  in  cellular  morphology;  but  not  much  evi¬ 
dence  of  lysis  was  obtained.  Such  changes  were  observed  in  tests  with 
5  x  106,  5  x  105  and  5  x  10*  TCID50  (50  percent  tissue  culture  infectious 
dose)  of  poliovirus  1  but  not  with  spent  tissue  culture  medium  (control). 
When  the  WBC  from  these  same  two  rabbits  were  removed  by  centrifugation 
from  their  serum- Locke -Citrate  suspending  fluid  and  resuspended  in  0.85 
percent  NaCl,  the  WBC  were  highly  sensitive  to  poliovirus  1  and  phago lytic 
reactions  were  observed  (Table  3).  The  cells  from  one  rabbit  reacted  pos¬ 
itively  when  only  250  TCID50  of  virus  was  added  to  the  WBC.  Unfortunately 
we  did  not  test  below  250  TCIDgQ.  These  tests  were  run  in  the  presence 
of  guinea  pig  serum  as  a  source  of  complement ,  but  the  complement  and/or 
spent  tissue  culture  medium  used  in  control  slides  did  not  cause  WBC  changes 
or  lysis.  The  addition  of  homologous  poliovirus  immune  serum  from  the 
rabbit  used  as  the  source  of  WBC  seemed  to  enhance  the  lytic  response.  In 
these  studies  we  attempted  to  quantitate  the  reaction.  The  average  number 
of  WBC  present  per  microscopic  field  was  determined  for  each  slide.  Lysis 
then  could  be  more  reliably  assessed  through  use  of  such  counts.  Data  in 
Table  3  indicate  the  reduction  of  WBC  in  positive  reactions.  This  count¬ 
ing  procedure  was  extended  in  later  studies. 

WBC  from  the  same  two  rabbits  were  obtained  on  SepteriBer  9, 
1966,  and  used  in  viral  identification  tests.  The  rabbits  had  been  in¬ 
jected  intravenously  23  days  earlier  with  poliovirus  1  in  an  effort  to 
raise  their  antibody  level.  The  WBC  in  these  tests  were  only  weakly  re¬ 
active  and  the  lytic  response  was  essentially  absent.  Cellular  changes 
were  observed  when  5  x  105  of  poliovirus  1  was  added,  but  the  changes  ob¬ 
served  were  not  pronounced  enough  to  be  satisfactory  for  an  identification 
test.  During  this  test  (Septeaber  9,  1966)  we  observed  that  guinea  pig 
serum  (complement?),  was  lytic  for  the  rabbit  NIC.  This  nonspecific  lytic 
action  will  be  discussed  more  fully  i later  in  the  report. 
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(2)  Poliovirus  type  2:  Two  additional  seta  of  data  were 
obtained  for  WBC  preparations  frost  poliovirus  2  inmrine  rabbits.  The  WBC 
from  two  rabbits  obtained  seven  days  after  an  intravenous  antigenic  booster 
failed  to  detect  5  x  10®  virus  particles.  We  used  a  different  anticoagu¬ 
lant  on  these  bleedings,  4  percent  citrate-saline,  rather  than  citrate 
only;  yet  we  cannot  be  sure  the  negative  results  were  due  to  the  anticoagu¬ 
lant.  The  4  percent  citrate-saline  is  slightly  hypertonic  but  it  has  been 
used  by  others  in  WBC  work,®/  and  we  removed  the  NBC  from  the  anticoagulant- 
plasma  mixture  before  they  were  used  in  the  tests.  The  WBC  in  this  study 
were  less  affected  by  guinea  pig  complement  than  WBC  in  other  similar  tests. 
Specific  immune  rabbit  serum  (antipolio  2)  from  the  same  rabbit  supplying 
the  WBC  did  not  enhance  the  specificity  or  sensitivity  of  the  tests.  The 
possibility  exists  that  the  intravenous  virus  injection  seven  days  earlier 
may  have  reduced  the  WBC  reactivity  rather  than  enhanced  the  phagolytic 
WBC  reaction. 


Similar  tests  were  run  just  two  days  later  on  the  WBC  from 
one  older  rabbit  (from  our  earlier  studies)  which  had  been  given  an  intra¬ 
venous  booster  dose  of  virus  seven  days  before  but  which  had  had  a  pro¬ 
longed  period  with  no  booster  doses  before  that.  WBC  from  this 
after  washing  and  resuspending  in  0.65  percent  NaCl  were  lysed  by  normal 
guinea  pig  serum  (complement),  louever,  even  in  the  absence  of  complement, 
these  WBC  were  affected  by  103  TCIDgo  and  higher  concentrations  of  virus. 
Table  4  summarizes  the  results  of  the  experiment  and  illustrates  the  WBC 
changes  observed.  Lysis  occurred  in  the  various  mixtures  of  WBC  and  virus 
but  it  was  not  by  any  means  complete .  Cellular  changes  were  observed  in 
the  WBC  exposed  to  virus  but  these  were  not  as  clearly  discernible  as  in 
previous  tests.  We  cid  not  consider  the  slides  on  this  test  to  be  nearly 
as  easy  to  read  or  as  positive  as  several  previous  tests;  yet  the  effects 
were  sufficient  to  permit  observation  of  differences  between  the  controls 
and  the  virus  treated  cells  vhen  as  little  as  105  TCIDjq  were  used. 

e.  Tests  with  WBC  from  Immune  rabbits  using  cell  counts:  Five 
tests  were  performed  with  WBC  from  1— une  rabbits  utilizing  cell  counts 
to  follow  the  reactions.  In  some  of  our  earlier  work  we  had  obtained  a 
significant  drop  in  the  number  of  immune  WBC  reacted  with  the  virus  for 
which  the  WBC  were  sensitive;  therefore,  we  wanted  to  investigate  such  re¬ 
actions  with  quantitative  methods.  In  four  of  these  tests  the  cell  counts 
for  the  WBC  —  antigen  mixtures  and  appropriate  controls  were  made  using 
hemacytometer  slidas  and  actually  determining  the  number  of  WBC  by  counts 
with  the  bright  field  microscope.  The  various  WBC  preparations  were  counted 
immediately  after  mixing  of  the  appropriate  reagents  and  again  after  desig¬ 
nated  incubation  periods.  Some  counts  were  even  made  after  the  WBC  mixtures 
had  been  incubated  overnight  at  37*C. 
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Table  5  depicts  the  counts  for  WBC  from  one  normal  and  two  SFV 
immune  rabbits,  immediately  and  at  various  periods  of  time  after  the  cells 
were  exposed  to  saline  or  SFV  (four  different  concentrations).  For  these 
experiments,  WBC  were  obtained  from  citrated  whole  blood.  After  washing 
the  WBC  in  a  Locke -Citrate  solution,  the  WBC  were  mixed  with  the  appropri¬ 
ate  dilution  of  virus  and  incubated  at  37*C.  The  erratic  results  depicted 
in  Table  5  illustrate  the  variability  we  have  encountered  and  we  conclude 
that  the  data  in  Table  5  represent  a  failure  to  identify  SFV  with  WBC 
from  two  rabbits  immune  to  SFV.  The  WBC  counts  varied  greatly  between 
operators,  between  counts  on  the  same  mixture,  and  for  different  concen¬ 
trations  of  virus  (no  effect  of  dilution  noted)  and  the  counts  with  normal 
WBC-virus  mixtures  also  gave  widely  varying  results.  These  rabbits  had 
been  given  a  subcutaneous  booster  dose  of  virus  (aqueous)  just  nine  days 
before  the  WBC  were  obtained  for  these  tests.  When  aliquots  of  these  same 
suspensions  of  immune  WBC  (for  SFV)  were  mixed  with  SFV  and  observed  for 
morphologic  changes  only  a  few  granular,  round  cells  were  observed;  other¬ 
wise,  there  were  no  cellular  changes  as  a  result  of  the  viral-WBC  inter¬ 
action. 

Data  from  the  four  experiments  in  which  the  hemacytometers  were 
used  are  recorded  in  Tables  6,  7,  8,  and  9.  These  will  be  discussed  more 
fully  in  the  following  paragraphs.  We  feel  that  such  data  are  much  more 
reliable  than  that  which  we  obtained  in  earlier  tests  in  which  the  counts 
were  obtained  by  averaging  the  number  of  cells  in  five  microscopic  fields 
of  coverslip  preparations  similar  to  those  used  in  these  tests. 

Unfortunately,  none  of  the  tests  we  ran  during  this  period  were 
made  with  highly  sensitive  test  systems;  in  fact,  most  of  the  results 
must  be  considered  as  unsatisfactory  identifications.  This  is  true  in 
spite  of  the  fact  that  we  know  the  WBC  were  obtained  from  rabbits  possessing 
neutralizing  antibody.  For  three  experiments  we  also  tested  the  same  WBC 
suspensions  by  the  coverslip  methods  used  in  our  previous  work  and  by  which 
we  had  been  able  to  detect  virus  as  low  as  250  to  1,000  TCIDi^i,  (tissue 
culture  cytopathic  infectious  dose  —  50  percent  end  point).  By  these 
simultaneous  microscopic  observations  of  coverslip  preparations  for  morpho¬ 
logic  changes  in  the  immune  WBC  exposed  to  the  homologous  virus  we  only 
were  able  to  detect  virus  when  relatively  large  amounts  of  virus  were  added, 
and  in  some  cases  we  failed  to  detect  virus  when  we  should  have  had  a  pos¬ 
itive  reaction.  These  results  are  further  illustrations  of  the  variability 
encountered  with  immune  WBC  detection  of  viral  antigen. 
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WBC  REACTIONS  USING  POLIOVIRUS  1  AND  POLIOVIRUS  2 
AS  TEST  ANTIGENS 

(Hemacytometer  Counting  Procedures) 
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Table  6  illustrates  data  obtained  when  WBC  counts  were  made 
using  a  hemacytometer  chamber  immediately  and  1-1/4  to  1-1/2  hr.  after 
the  cells  were  mixed  with  saline  or  SFV.  Five  different  concentrations 
of  virus  were  tested  against  the  WBC  from  a  normil  rabbit  and  against 
the  WBC  from  an  SFV  immune  rabbit.  The  WBC  preparations  used  in  this 
experiment  were  obtained  from  citrated  whole  blood,  but  the  WBC  had  been 
washed  and  resuspended  in  Locke-Cltrate  plus  serum  from  the  rabbit  supply¬ 
ing  the  WBC.  (Final  concentration  of  serum  “  50  percent  of  diluent.)  The 
WBC-virus  and  WBC -saline  mixtures  were  slowly  rolled  at  37*C  during  the 
1-1/4  to  1-1/2  hr.  incubation.  (A  standard  tissue  culture  roller  drum 
was  used  for  this  mixing.)  This  method  of  testing  did  not  permit  us  to 
obtain  any  observations  of  clumping  since  the  cells  were  completely  dis¬ 
persed  for  the  counts.  Any  change  in  count  reflected  a  phagolytic  ef¬ 
fect,  which  is  the  type  of  reaction  we  had  observed  in  the  past.  The  data 
in  Table  6  do  not  suggest  any  significant  lytic  reaction.  In  fact,  the 
WBC  counts  are  remarkably  close  when  compared  to  the  standard  errors 
usually  encountered  in  WBC  counts.  In  the  later  counts  made  after  the 
mixtures  had  been  incubated,  platelets  were  reduced  and  some  of  the  SFV 
incline  cells  exposed  to  SFV  were  swollen  or  smaller  than  in  earlier  ob¬ 
servations.  The  WBC  counts  made  after  24  hr.  at  37®C  indicated  good  sta¬ 
bility  of  these  two  WBC  preparations.  This  WBC  stability  has  not  always 
been  observed  with  incubated  WBC. 

Data  for  the  reactions  of  poliovirus  2  and  appropriate  control 
solutions  with  WBC  from  a  poliovirus  1  imaune  rabbit  and  WBC  from  a  normal 
rabbit  are  presented  in  Table  7.  These  WBC  counts  were  made  using  the 
hemacytometer  technique  and  again  no  lytic  effect  of  poliovirus  2  on  im¬ 
mune  WBC  was  detected.  In  fact,  the  WBC  counts  probably  all  fell  within 
the  standard  error  encountered  in  such  tests.  From  this  test  we  might  con¬ 
sider  the  standard  error  to  be  about  15  percent,  although  we  did  not  feel 
it  was  necessary  to  calculate  the  value.  The  WBC  from  this  test  were 
nearly  all  dead  when  checked  with  methylene  blue  on  the  following  morningj 
therefore,  they  were  not  as  stable  as  those  used  for  the  tests  recorded 
in  Table  6.  The  poliovirus  1  Immune  rabbit  used  for  the  WBC  in  the  tests 
recorded  in  Table  7  had  been  injected  with  an  aqueous  suspension  of  anti¬ 
gen  20  days  before  she  was  bled. 

Similar  data  are  presented  in  Table  8  for  WBC  tests  with  polio¬ 
virus  1  using  (l)  normal  rabbit  WBC,  and  (2)  WBC  from  a  poliovirus  1  im¬ 
mune  rabbit  six  days  after  an  antigenic  booster  with  poliovirus  1  in 
incomplete  Freund's  adjuvant.  Again  we  obtained  no  evidence  of  a  lytic 
action  when  immune  WBC  were  exposed  to  virus.  However,  in  coversllp  prep¬ 
arations  made  from  these  same  cells  and  virus  preparations,  the  polio¬ 
virus  1  immune  WBC  demonstrated  morphologic  changes  when  exposed  to  a 
1-100  dilution  of  poliovirus  1.  Many  of  these  cells  became  granular  and 
had  a  gray  sheen  typical  of  the  WBC  damaged  by  virus  (as  observed  in 


earlier  studies );  however,  high  dilutions  of  poliovirus  1  and  control 
preparations,  saline  or  spent  tissue  culture  medium,  did  not  cause  these 
tBC  changes.  Thus  by  morphologic  changes  ve  saw  a  positive  reaction  with 
a  large  amount  of  virus  but  still  got  no  lytic  changes  in  the  immune  cells. 

4  Table  9  suanarises  the  data  from  another  similar  study  in  which 
we  studied  the  homologous  and  heterologous  reactions  between  poliovirus 
1  and  poliovirus  2  and  the  corresponding  two  types  of  immune  rabbit  WBC. 
la  these  studies  the  WBC  were  obtuined  from  citrated  blood  witli  the  aid 
of  2  percent  (final  concentration)  of  dextran  (molecular  weight  200,000 
to  300,000).  Again  we  obtained  no  significant  evidence  of  a  specific 
lytic  action  when  cell  counts  were  made.  However,  the  observer  of  these 
slides  felt  that  "there  appears  to  be  some  reaction  with  the  poliovirus  1 
and  poliovirus  1  immune  cells."  A  second  microbiologist  set  up  the 
corresponding  virus-cell  mixtures  in  coverslip  preparations  and  observed 
a  positive  morphologic  change  in  the  WBC  in  the  poliovirus  1  and  polio¬ 
virus  1  immune  cell  mixture  hut  not  in  the  other  test  mixtures.  Thus, 
this  test  again  gives  a  suggestion  that  WBC  can  be  used  to  identify  virus 
but  the  optimum  conditions  must  exist  for  these  observations  to  be  pos¬ 
sible.  Dextran  separated  cells  appear  to  be  much  more  active  (motile) 
and  contain  a  larger  variety  of  WBC  types;  however,  they  may  be  more 
fragile  —  note  the  lower  counts  of  WBC  after  2-1/2  to  3-l/2  hr. 

An  additional  phagocytic  test  for  the  identification  of  virus 
will  be  described  later  in  this  report  under  the  discussion  of 
fluorescent-labeled  cells.  (See  page  37.) 

f.  Phagocytic  tests  with  mouse  WBC:  In  our  previous  studies 
using  WBC  from  immune  animals,  we  employed  WBC  obtained  from  rats  after  sub- 
clinical  viral  infection  and  from  rabbits  following  hyper immunization.  In 
order  to  study  WBC  from  another  species  and  also  WBC  isolated  from  animals 
following  a  rapid  active  immunization,  we  Investigated  the  use  of  mice. 
Separate  groups  of  mice  were  immunized  with  poliovirus  1,  poliovirus  2, 
and  with  spent  tissue  culture  medium.  Each  mouse  was  given  an  intravenous 
injection  on  30  January,  1  and  3  February  1967.  Eleven  days  after  the 
last  injection,  WBC  were  obtained  by  cardiac  bleeding  and  used  in  phago- 
lytlc  tests.  The  WBC  from  each  mouse  were  separated  by  the  dextran- 
citrate  method  described  in  our  previous  work.!/  These  WBC  suspensions 
were  then  tested  in  slide  tests  for  their  sensitivity  to  the  homologous 
and  heterologous  antigens.  Due  to  the  small  numbers  of  cells,  the  re¬ 
actions  could  only  be  evaluated  by  the  observation  of  morphological  changes 
using  350  X  bright  field  microscopy.  Specific  data  will  not  be  presented 
since  no  significant  results  were  obtained.  Occasional  morphological 
changes  similar  to  those  seen  in  the  earlier  rabbit  WBC  tests  were  observed 
but  no  viral  identification  was  possible  by  these  cells.  Because  of  the 
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difficulties  of  WBC  preparation  from  mice,  we  feel  that  this  method  is 
not  worthy  of  further  evaluation. 

g.  Passive  sensitization  of  WBC  for  viral  Identification i  One 
partially  successful  experiment  encouraged  us  to  give  further  considera¬ 
tion  to  the  passive  sensitization  of  WBC  for  use  in  viral  identification. 

WBC  from  a  normal  rabbit  were  divided  and  one-half  incubated  at  56* C  with 
poliovirus  1  immune  serum  (rabbit).  The  other  half  of  the  WBC  were  treated 
with  normal  rabbit  serum.  When  these  cells  were  exposed  to  poliovirus  1 
in  microscopic  hanging  drop  preparations,  the  WBC  treated  with  poliovirus 
1  immune  serum  behaved  as  if  they  were  from  a  poliovirus  1  immune  rabbit. 

The  WBC  treated  with  normal  rabbit  serum  behaved  as  WBC  from  a  normal 
rabbit.  Spent  tissue  culture  medium  added  to  both  types  of  treated  WBC 
failed  to  elicit  a  response.  Both  a  1  -  10  and  1  -  100  poliovirus  dilu¬ 
tion  produced  the  phagocytic  WBC  changes  with  the  poliovirus  antiserum 
treated  WBC.  Thus,  105  and  106  TCID50  of  poliovirus  1  produced  the 
changes.  Studies  of  the  treated  WBC  with  more  dilute  virus  were  prevented 
by  clotting  problems  in  the  WBC  preparation.  Passive  sensitization  of 
WBC  has  the  advantage  of  eliminating  the  need  for  immunized  animals  as  a 
source  of  immune  WBC. 

It  would  greatly  simplify  the  techniques  and  increase  the  pos¬ 
sibility  of  rapid  viral  identification  if  WBC  could  be  made  sensitive  to 
viral  action  by  means  of  passive  sensitization  with  known  antisera.  In 
the  previous  paragraph  we  indicated  that  one  attempt  at  passive  sensiti¬ 
zation  of  WBC  by  poliovirus  1  immune  rabbit  serum  was  partially  successful. 
Four  more  attempts  were  made  to  passively  sensitize  WBC  with  immune  sera. 

Two  experiments  were  made  with  poliovirus  2  antibody,  one  experiment  with 
ppliovirus  1  and  one  experiment  with  SFV  antisera. 

In  none  of  these  studies  were  we  successful  in  developjuig  a 
method  for  passive  sensitization  of  WBC  capable  of  permitting  viral 
identification;  however,  many  procedures  for  studying  this  phenomenon 
were  not  tried.  For  poliovirus  2  identifications,  we  tried  a  partially 
purified  Immune  globulin  and  a  nonpurified  rabbit  antiserum  as  agents  for 
passively  sensitizing  the  WBC  from  a  normal  rabbit.  The  results  were  neg¬ 
ative  for  all  attempts  including  mixtures  containing  guinea  pig  complement. 
In  another  experiment,  we  attempted  to  sensitize  WBC  with  rabbit  antipolio¬ 
virus  2  antibody  obtained  on  the  same  day  the  WBC  were  used,  yet  the  WBC 
treated  with  this  immune  sera  failed  to  provide  viral  identification. 
Neutralization  on  this  antipolio  serum  demonstrated  it  to  have  a  respectable 
antibody  level;  a  1  -  1280  dilution  neutralized  approximately  562  TCIDgQ 
of  virus.  The  sera  and  gamut  globulins  used  in  all  the  other  tests  had 
appreciable  neutralizing  titers.  Thus,  it  may  not  be  the  level  of  virus 
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neutralizing  antibody  that  is  important  but  the  type  of  antibody  may  be  the 
eritical  factor.  In  the  passive  sensitization  tests  we  have  continued  to 
encounter  problems  of  clotting  when  the  WBC  are  incubated  with  the  sera. 

.  The  use  of  a  Locke -Citrate  diluent!/  helps  eliminate  this  problem  but  its 
action  on  the  lmnune  phenomena  must  be  investigated  further. 

The  antipoliovirus  1  antisera  used  for  passive  sensitization  ex¬ 
periments  on  September  15,  1966,  were  obtained  from  the  same  bloods  that 
served  as  the  source  of  the  immune  WBC  which  were  sensitive  to  poliovirus 
1  in  lytic  tests  on  August  26,  1966.  Thus,  our  negative  results  with  pas¬ 
sive  sensitization  were  independent  of  the  fact  that  the  antisera  used  in 
the  tests  had  come  from  the  same  rabbits  that  had  demonstrable  activity  in 
WBC  lytic  tests.  The  temperature,  time,  and  method  of  passive  sensitiza¬ 
tion  of  WBC  need  considerable  investigation.  The  temperature  and  times  of 
incubation  of  WBC  in  antisera  for  antibody  adsorption  were  limited  by  the 
clotting  problems  mentioned  earlier. 

The  rabbit  antiserum  to  SFV  used  in  the  passive  sensitization 
experiments  had  not  been  titered  for  neutralizing  antibody,  but  should 
have  contained  significant  antibody.  It  was  obtained  from  a  rabbit  which 
had  earlier  been  demonstrated  to  have  neutralizing  antibody.  This  rabbit 
had  been  given  a  number  of  booster  doses  of  SFV  between  the  original  anti¬ 
body  titration  and  time  it  was  bled  for  antibody  to  be  used  for  the  pas¬ 
sive  sensitivity  WBC  tests.  This  serum  also  came  from  the  same  rabbit 
which  had  given  highly  sensitive  WBC  in  the  lytic  reactions  reported 
previously.  As  reported  in  the  previous  paragraph  (which  discussed  polio¬ 
virus  1  passive  sensitization)  the  presence  of  SFV  neutralizing  antibody 
in  a  serum  does  not  mean  that  it  is  a  good  reagent  for  passive  sensitiza¬ 
tion  of  WBC. 


h.  Use  of  fluorescent  dyes:  As  an  approach  to  help  or  even 
eliminate  the  subjective  observations  of  these  microscopic,  tests,  we  in¬ 
vestigated  the  use  of  two  fluorescent  dyes:  acridine -orange  (AO)  and 
fluorescein  diacetate  (FDA).  Acridine -orange  has  been  used  for  following 
cellular  changes  particularly  of  neoplastic  cells. ®/  It  causes  the  WBC 
in  blood  to  fluoresce,  yet  the  red  blood  cells  in  the  same  smears  do  not 
fluoresce  Jj  (The  red  cells  may  give  a  faint  red-brown  background,  de¬ 
pending  upon  the  light  conditions.) 

Fluorescein  diacetate  has  been  observed  to  be  taken  up  by  cells 
of  a  number  of  types .§/  The  FDA  is  then  hydrolyzed  and  the  accumulation  of 
the  fluorescein  within  the  cell  results  in  the  fluorescence  of  the  cell. 
IDA  treated  cells  are  still  viable  and  may  be  cloned  after  fluorescent 
treatment .8/ 
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Bertalanffy®/  and  others  have  used  acridine -orange  as  a  fluores¬ 
cent  cellular  dye  but  most,  if  not  all,  of  the  work  has  been  on  fixed 
preparations.  We  tried  to  use  the  fluorescent  dye  as  a  label  for  viable 
cells . 

Preliminary  fluorescent  dye  studies  were  done  with  three  types 
of  cells:  WBC,  WISH  human  amnion  cells,  and  peritoneal  exudate  cells 
from  L1210  leukemia  in  DM  slice.  Saline  (0.85  percent  NaCl),  M/15  phos¬ 
phate  buffer  (pH  6.0),  pH  7.0  saline -glycerine  buffer,  and  M-199  have  been 
satisfactorily  used  as  diluents  for  AO;  but  pH  7.4  tris  buffer  was  not  sat¬ 
isfactory.  With  tris  buffer  the  cells  were  fluorescent,  but  a  fuzzy  halo 
effect  around  each  cell  was  obtained  and  caused  difficulty  in  observation. 
For  most  of  our  AO  fluorescent  studies  we  used  0.85  percent  saline  as 
diluent.  Phosphate  buffered  saline  was  used  as  the  diluent  for  the 
fluorescein  diacetate  studies  because  it  was  used  by  the  original  investi¬ 
gators  .2/  It  appeared  to  work  quite  satisfactorily  for  staining  WBC.  for 
microscopic  observation  of  fluorescent  cells  we  used  the  dark  field  con¬ 
denser  and  a  mercury  arc  lamp  equipped  with  an  ultraviolet  filter  trans¬ 
mitting  light  at  365  iqi  (B  &  L  ^7-51  excitation  filter) .  T-2  barrier 

filters  (B  &  L)  are  used  in  the  eye-pieces. 

By  titration  studies  we  found  that  an  acridine -orange  concentra¬ 
tion  of  0.001  percent  produced  good  fluorescence  when  mixed  with  an  equal 
volume  of  cells.  0.0002  percent  AO  dyed  the  cells  but  not  as  strongly  as 
did  0.001  percent  and  the  fluorescence  required  a  few  minutes  to  develop. 
Only  an  occasional  cell  became  fluorescent  after  0.00004  percent  AO  treat¬ 
ment,  and  this  was  weak  and  required  a  half  hour  or  so  to  develop.  Simi¬ 
lar  data  on  FDA  indicated  that  either  0.5  pg>  or  0.1  ^g/ml  produced  good 
fluorescence  in  cells.  The  fluorescence  was  observed  immediately  with  the 
higher  concentration,  but  2  or  3  min.  were  required  with  the  0.1  |*g/ml  dye. 
Even  after  a  number  of  minutes  0.02  ttg/ml  FDA  only  caused  an  occasional 
cell  to  fluoresce.  Thus  at  least  0.1  jig/ml  PDA  and  0.0002  percent  AO  were 
necessary  for  good  specimen  observations.  The  fluorescence  observed  with 
FDA  appeared  to  be  slightly  superior  to  AO,  but  much  needs  to  be  learned 
concerning  both  reagents. 

Cells  treated  with  either  of  the  two  fluorescent  dyes  appeared  to 
be  viable  since  we  watched  cellular  changes  take  place  and  amoeboid  move¬ 
ment  was  not  stopped. 

Earlier  in  this  report  we  mentioned  the  fluorescent  read-out  of 
the  various  WBC  reactions.  These  were  made  possible  by  incorporating  one 
drop  of  the  0.001  percent  AO  in  each  slide  preparation  used  for  fluorescent 
observation.  We  feel  that  considerably  more  data  are  needed  by  this  method 
before  it  can  be  adequately  evaluated.  The  biggest  handicap  of  these 
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fluorescent  microscopic  read-outs  of  WBC  reactions  was  the  inability  to  see 
the  cytoplasmic  changes  that  occurred  but  which  could  be  seen  by  bright 
field  microscopy. 

Several  investigations  were  made  to  determine  if  the  two  fluor- 
ascent  dyes  could  be  incorporated  into  cells,  and  a  subsequent  dye  release 
monitored.  Use  of  the  Ami nco -Bowman  Spectrophotofluorometer  for  following 
such  reactions  was  studied  since  it  permits  an  exceedingly  sensitive  read¬ 
out  of  a  fluorescent  material. 

NISH  human  amnion  cells  were  treated  with  AO,  washed  twice,  and 
then  frozen  and  thawed.  After  centrifugation  to  sediment  the  cell  frag¬ 
ments,  acridine -orange  fluorescence  was  observed  in  the  supernatant  of  the 
frozen  and  thawed  cells. 

In  several  other  experiments,  (l)  WBC  treated  with  fluorescent 
dye  and  (2)  WBC  treated  with  diluent  only  were  washed  twice,  submitted 
to  three  cycles  of  freezing  and  thawing,  and  the  cell  sediments  removed 
by  centrifugation.  The  washes  and  the  supernatants  from  the  disrupted 
cells  were  checked  for  fluorescence  by  means  of  the  Aminco -Bowman  Spectro¬ 
photofluorometer  (SW).  Plots  of  the  emission  spectra  were  made  by  means 
of  an  automatic  recorder  (Electro  Instruments,  Inc.).  The  charts  thus 
obtained  permitted  comparison  of  the  various  fractions.  In  some  cases  it 
was  possible  to  compute  the  relative  intensity  of  the  fluorescence. 

• 

With  acridine -orange  the  optimal  excitation  wavelength  was  found 
to  be  365  mu  and  the  peak  emission  was  obtained  at  525  mu-  Saline -glycine 
buffer  for  the  acridine -orange  studies  caused  some  problems  since  an  extra 
fluorescence  peak  at  425  Bp  occurred.  However,  the  presence  or  absence  of 
AO  could  be  detected  by  the  occurrence  of  a  "hump"  or  second  peak  at  the 
525  mil  emission  band.  This  problem  was  circumvented  by  use  of  M/l5  phos¬ 
phate  buffer.  In  the  WBC  tests  with  AO  dye  the  fluorescent  intensities 
were  fairly  low  but  we  succeeded  in  demonstrating  the  release  of  the  fluo¬ 
rescent  dye  from  the  intact  cells  by  the  freezing  and  thawing  procedure. 

It  appeared  that  0.00005  percent  A0  was  close  to  the  minimum  A0  detectable 
by  the  SPF.  Although  we  were  able  to  detect  release  of  A0  from  frozen  and 
thawed  cells,  we  were  measuring  that  amount  of  dye  released  from  a  large 
number  of  cells  (50  x  106  cells). 

In  similar  WBC  studies  with  PDA  as  the  fluorescent  dye,  the  fluo¬ 
rescence  measurements  were  more  intense,  easier  to  quantify,  and  perhaps 
more  adaptable  to  smaller  numbers  of  WBC.  In  addition,  ways  exist  to  in¬ 
crease  the  sensitivity  of  fluorescein  assay  by  several  orders  of  magnitude 
over  those  used  in  the  experiments.  As  pointed  out  earlier,  the  FDA  was 
hydrolysed  by  the  cells  to  yield  fluorescein,  which  wns  the  product  observed 
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or  measured.  Thus  our  measurements  with  the  SPF  were  done  by  excitation 
at  490  s|i  and  the  peak  of  emission  was  observed  to  be  between  510  to  525  qu. 
At  these  excitation  and  emission  wavelengths  control  (non-dyed)  cells  ex¬ 
hibited  no  fluorescence. 

From  the  IDA  studies  it  was  very  apparent  that  the  WBC  readily 
picked  up  the  FDA  and  hydrolyzed  it  rapidly.  The  WBC  containing  the 
fluorescein  could  be  separated  and  the  fluorescein  liberated  by  freezing 
and  thawing.  The  cell  stroma  or  sediment  did  not  retain  any  fluorescence 
and  was  negative  by  the  SPF  assay.  A  complication  encountered  in  these 
studies  must  be  mentioned.  Immediately  after  the  WBC  were  treated  with 
FDA,  the  supernatant  became  fluorescent.  This  was  apparent  even  to  the 
naked  eye.  Part  of  this  conversion  of  FDA  may  have  been  due  to  WBC  en¬ 
zymes  and  part  may  have  been  due  to  esterases  present  in  the  serum.  Ad¬ 
ditional  studies  are  necessary  to  determine  the  effects  of  the  various 
enzyme  systems  on  the  conversion  of  the  non- fluorescent  FDA  to  the 
fluorescent  fluorescein.  Studies  are  also  needed  on  washed  WBC  which  are 
free  of  the  esterases  from  serum. 

Although  we  cannot  yet  cause  a  consistent  release  of  a  fluorescent 
material  from  WBC  by  viral  action,  we  now  have  two  compounds  which  can  be 
worked  with  at  the  same  time  and  assayed  fluorometrically.  The  assays  can 
be  done  spectrophotometrically  by  using  two  different  excitation  wavelengths. 
Thus  these  two  compounds,  AO  and  FDA,  might  be  used  as  labels  for  WBC  im¬ 
mune  to  different  viruses  if  such  WBC  can  be  used  for  viral  identification. 
These  two  dyes  must  be  considered  along  with  the  fluorescent  plastic  parti¬ 
cles  previously  studied^/  as  possible  means  for  monitoring  WBC  lysis, 

i.  Fluorescent-labeled  protein  pickup  by  WBC:  In  order  to  learn 
more  about  the  pickup  of  protein  by  WBC,  we  have  studied  the  adsorption 
and/or  absorption  of  fluorescent-labeled  proteins  by  rabbit  WBC.  Informa¬ 
tion  from  such  studies  was  desired  in  order  to  better  control  the  passive 
sensitization  of  normal  WBC.  It  also  had  potential  value  in  our  labeling 
of  ismtune  WBC  since  a  fluorescent  read-out  could  enhance  the  sensitivity 
of  the  lytic  or  other  WBC  reactions  for  viral  identification.  In  earlier 
studies  we  observed  that  WBC  could  be  made  fluorescent  with  acridine -orange 
and  with  fluorescein  dlacetate.  Acridine -orange  has  the  disadvantage  that 
it  may  be  damaging  to  the  WBC.  Fluorescein  diacetate  is  hydrolyzed  by  the 
cell  esterases  and  this  is  difficult  to  control  or  monitor  in  actively 
metabolizing  WBC. 

We  studied  rhodamine -labeled  bovine  serum  albumin,  fluorescein 
isothiocyanate  (FITC)  labeled  human  serum  albumin,  FITC  labeled  rabbit 
serum,  and  FITC  labeled  calf  serum.  The  latter  two  were  prepared  by  us  at 
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MRI  for  this  project.  The  FITC- labeled  human  serum  albumin  was  prepared 
by  Dr.  D.  A.  R ingle  for  another  Mil  project.  The  rhodamine- labeled 
bovine  albuain  used  was  the  commercial  product  of  Microbiological  Associ¬ 
ates  and  it  is  regularly  used  as  a  counter  stain  for  fluorescence  mi¬ 
croscopy. 


normal  rabbit  WBC  separated  by  four  different  procedures,  in¬ 
cluding  citrate,  dextran,  and  combinations  of  the  two,  were  treated  with 
rhodamine - labe le d  bovine  albumin  at  two  different  temperatures  and  the 
cells  observed  with  the  fluorescence  microscope.  Rhoirjaine  bovine  albumin 
was  successfully  used  to  label  WBC.  The  method  of  WBC  separation  did  not 
affect  the  fluorescent  labeling.  The  rhodamine  is  probably  both  on  the 
surface  nnd  taken  up  internally  by  the  WBC .  The  labeling  was  rapid  and 
occurred  at  both  room  temperature  and  at  37#C.  It  was  stronger  and  more 
complete  at  37*C  and  also  stronger  after  longer  Incubation,  i.e.,  1  hr. 
stronger  than  20  min.  By  proper  light  filtration  only  the  rhodamine-labeled 
cells  were  observed  through  the  fluorescent  microscope  (T-2  and  7-37 
filters,  B  A  L).  By  substituting  the  D-2  (density  filter)  for  the  7-37 
filter,  the  WBC  can  be  differentiated  into  several  types;  also  platelets 
and  the  red  blood  cells  can  be  observed.  This  last  combination  of  filters 
(T-2  and  D-2)  permits  observation  of  both  natural  and  rhodamine  fluo¬ 
rescence.  Also  by  the  use  of  the  D-2  and  T-2  filter  combination,  the 
natural  fluorescence  of  the  unlabeled  cells  was  visible  in  the  fluorescence 
microscope.  This  method  of  observation  may  be  valuable  for  WBC  work 
even  in  the  absence  of  a  fluorescent  compound  such  as  rhodamine. 

The  normal  rabbit  WBC  failed  to  pick  up  the  FITC  fluorescent- 
labeled  human  serin  albumin;  therefore,  it  was  not  useful  for  passive  label¬ 
ing  of  WBC. 

Normal  rabbit  serum  and  normal  calf  serum  were  conjugated  with 
FITC  by  a  modification  of  the  method  of  SpendlovejjJ/  and  were  freed  of  un¬ 
co  njugated  FITC  by  dialysis  and  passage  through  a  Sephadex-025  column. 

In  our  studies  neither  of  these  two  conjugated  proteins  was  picked  up  by 
normal  rabbit  WBC  during  incubation  at  room  temperature  or  37*c  ( 1-3/4  hr.). 
The  addition  of  normal  rabbit  serum  as  a  source  of  "accessory"  factors  for 
the  phagocytic  reaction  did  not  help  bring  about  the  uptake  of  the  labeled 
serum.  Thus,  the  FITC  conjugated  sera,  one  homologous  for  rabbit  WBC 
(rabbit  serum)  and  one  heterologous  to  rabbit  WBC  (calf  serum)  were  neither 
one  adsorbed  onto  or  taken  into  the  normal  rabbit  WBC.  The  FITC -labe  led 
sera,  therefore,  behaved  as  did  the  FITC-labeled  human  albumin.  These  re¬ 
sults  are  in  contrast  to  positive  phagocytosis  by  ISC  of  rhodamine-labeled 
bovine  albumin. 


The  significance  of  these  observations  aust  await  further  in¬ 
vestigations.  However,  Parker  and  Sc held10/  reported  that  partlculqfrf 
plexes  of  labeled  Y -globulin  and  rheuBHtoid  factor  were  required  before 
phagocytosis  occurred.  They  found  that  fluorescein-labeled  globulin  alone 
was  not  phagocytited.  The  rhodaalne  bovine  elbuain  used  by  us  did  have 
a  slight  turbidity  but  none  of  the  PZTC-labeled  proteins  bed  noticeable 
turbidity.  Our  results  night  thus  be  correlated  with  this  difference  in 
phagocytosis  depending  upon  the  presence  or  absence  of  particulates.  If 
this  is  true,  then  we  can  readily  overcome  the  failure  to  libel  the  WBC 
by  using  particulate  complexes.  Plastic  particles,  bentonite,  or  antigen- 
antibody  complexes  such  as  were  used  in  our  earlier  studies,!/  coafclned 
with  or  reacted  with  a  fluorescent -labeled  antibody  any  be  readily  phago¬ 
cytited.  Thus  by  this  aethod  passive  sensitisation  or  labeling  of  WBC 
nay  be  accoaplished. 

After  the  above  observations,  we  repeated  our  previous  study  of 
trying  to  label  the  noraal  WBC  with  1.1  4  ellipsoidal  fluorescent  plastic 
particles.  This  was  rapidly  accoaplished  and  the  WBC  still  appeared  to  be 
viable. 


j.  Use  of  rhtv»7*<«w»-i%beled  bovine  albuain  as  an  indicator  for 
WBC  reactions:  WBC  from  one  poliovirus  1  and  one  poliovirus  2  isaune  rab¬ 
bit  were  obtained  by  the  citrate-2  percent  dextrin  aethod,  and  these  were 
used  in  viral  identification  tests.  Rbodsalne-ls*  Led  bovine  albuain  (ee 
described  in  previous  section)  was  added  to  each  WBC  preparation.  After 
2b  to  85  ain.  at  roaa  teaperature  —  to  perait  fluorescent  labeling  of  the 
WBC  —  these  rhodeaina -labeled  cells  were  used  to  aahe  covers  lip  prepara¬ 
tions  by  Mixing  1— ins  cells  and  virus.  These  WBC  preparations  were  not 
highly  reactive  whan  tatted  with  virus.  The  poliovirus  2  laauns  WBC  wars 
effected  by  1  -  10  poliovirus  2  end  this  oould  be  observed  in  the  fluo¬ 
rescence  microscope  by  following  cellular  changes  with  the  rhodsalne  fluo¬ 
rescence  .  WBC  disappeared  and  those  which  raaalmd  were  elongated  and 
swollen,  end  cluape  were  ob nerved.  WBC  change*  also  war*  observed  by 
fluorescence  alcroacopy  for  poliovirus  2  liana*  WBC  treated  with  1-100 
poliovirus  2  but  these  changes  were  certainly  insufficient  for  viral 
identification  purposes.  Slallar  aorpho logic  changes  in  non- fluorescent- 
labeled  poliovirus  2  Isaune  WBC  were  observed  by  bright  field  alcroscopic 
observations  set  up  elanl  tenuously  with  the  testa  using  tbs  rhodeains- 
labeled  WBC. 

Cinapleaent  lysis  end  oellular  changes  in  rabbit  ISC  were  suc¬ 
cessfully  followed  using  rhodaetias- labeled  bovine  elbunia  treated  WBC. 
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k.  Phagocytic  testa  with  coated  and  uncoated  particles:  Earlier 
in  this  report  vs  presented  evidence  end  cited  literature  indicating  that 
WBC  did  not  appear  to  pick  up  antibody  or  labeled  protein  unless  the 
foreign  Material  was  particulate  in  nature .  Experiments  were  conducted 
to  determine  whether  it  might  be  possible  to  transport  serum  proteins  into 
the  WBC,  i.e.i  passively  sensitise  the  WBC,  by  using  bentonite  or  fluo¬ 
rescent  plastic  particles  as  particulate  carriers  of  the  protein. 

Bentonite  particles  were  prepared  as  described  by  Bozicevich 
et  al.  AV  using  Bentons  53  (National  Lead  Company)  as  the  starting  mate¬ 
rial.  Bento ne  36  particles  are  0.5  to  1.0  p  in  sise.  Aliquots  of  these 
bentonite  particles  were  coated  with  (l)  fluorescein  isothiocyanat*  (FI?c) 
labeled  normal  rabbit  sens,  and  (2)  FITC-labeled  normal  calf  serum  Room 
temperature  adsorption  for  30  min.  was  used.  This  procedure  vas  rim'l v 
to  that  employed  by  Potter  and  Stcllerman  in  their  studies  or  phagocytosis 
of  bentonite -coated  particles . j£J  In  slide  reactions  between  norm*-,  rabbit 
NBC  and  both  the  FITC-labeled  normal  rabbit  serum  and  FITC-labeled  normal 
calf  serum*  we  failed  to  observe  a  significant  phagocyte  pickup  of  the 
coated  bentonite  particles.  Our  observations  were  made  by  means  of  the 
fluorescent  microscope  and  the  WBC  were  observed  aft-'i  incubation  for 
1  hr.  at  room  temperature  had  been  allowed  for  th*  particle  pickup  to  take 
place.  Sms,  our  results  are  somevhat  different  than  Potter  and  Stcllerman 
obtained  with  non-FITC- labeled  y -global in.  They  had  obtain-d  phagocytosis 
of  globulin-coated  particlaa.  However,  they  observed  vide  variations  in 
phagocytosis  of  globulin- coated  bentonite  particles  depending  upon  the 
source  and  method  of  processing  the  globulin. 

V*  made  e  similar  study  using  WBC  from  a  normal  rat .  Bentonite 
particles  in  three  different  buffers  (glycine,  phosphate,  and  Locke- 
Citrate)  were  coated  with  normal  rabbit  serum.  The  ser at- coaced  bentonite 
particles  were  then  added  to  aliquots  of  the  normal  rat  WBC,  The  phago¬ 
cytic  pickup  was  checked  imaed lately  and  again  after  1-1/2  to  2  hr,  incub*  Uo«. 
With  the  bright  field  microscope,  we  observed  the  bentonite  particles  in 
and  around  the  cells  immediately  after  mixing.  After  incubation,  methylene 
blue  staining  of  the  WBC  demonstrated  ntmrous  bentonite  particles  in  the 
large  WBC  and  lymphocytes.  The  WBC  suspended  in  the  glycine  and  Locke - 
Citrate  buffers  were  more  active  then  WBC  la  the  phosphate  buffer,  the 
WBC  pickup  of  the  senm- coated  particles  was  also  checked  by  fluorescence 
microscopy.  To  do  this  we  added  a  drop  of  FITC-labeled  antirabbit  globulin 
to  the  WBC  mixtures  and  observed  the  fluorescent  sttlaing  of  the  particles 
and  oella.  By  this  fluorescent  staining  procedure,  we  could  demons t rate 
that  the  serum- coated  particles  were  quickly  attached  to  the  outside  of  the 
rat  WBC  and  by  1-1/2  to  2  hr.  large  aggregates  of  particlaa  were  observed 
inside  the  l BC. 
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Baaed  on  the  varied  results  obtained  with  these  bentonite  parti¬ 
cles,  it  appears  that  the  FITC  treatment  of  the  serum  before  it  is  adsorbed 
on  tiie  bentonite  particles  nay  prevent  the  phagocytic  pickup  of  the 
coated  particles.  A  second  factor  Bay  have  also  influenced  the  WBC  re* 
actions  with  the  coated  particles.  Th_s  related  to  the  use  of  serua 
homologous  or  heterologous  to  the  WBC  for  coating  the  particles.  In  the  one 
experiment  rabbit  WBC  failed  to  pick  up  bentonite  particles  coated  with 
rabbit  serua.  Thus,  the  WBC  might  have  considered  the  rabbit  serum  as 
homologous;  therefore,  the  particles  were  not  picked  up.  In  the  rat  WBC 
studies,  the  rabbit  serum  (on  the  bentonite  particles)  was  heterologous ; 
therefore,  the  rat  WBC  phagocytlsed  the  coated  particles  due  the  "foreign" 
protein.  However,  we  had  expected  the  WBC  used  in  the  first  experiment  to 
phagocytise  the  bentonite  particles  coated  with  calf  serum,  since  tne  calf 
serum  protein  was  "foreign"  to  the  WBC.  Yet  this  did  not  occur. 

In  two  other  experiments  WBC  were  tested  for  the  pickup  of 
fluorescent  plastic  particles.  Contrasting  results  were  obtained.  WBC 
from  a  normal  rabbit  were  tested  against  three  concentrations  (0.1  mg/ml, 
0.01  mg/ml  and  0.001  mg/ad)  of  plastic  particles  in  pH  8.2  glycine  buffer. 
Practically  no  particles  were  phagocytlsed.  When  similar  testa  were  made 
with  WBC  from  a  normal  rat,  phagocytosis  of  the  fluorescent  plastic  parti¬ 
cles  was  observed  nearly  immediately  after  the  addition  of  the  particles 
to  the  cells  and  afar  1-1 /k  hr.  Incubation  at  37*C  tha  WBC  contained 
numerous  fluorescent  particles.  These  phagocytlsed  particles  ware  re¬ 
leased  when  the  rat  WBC  cells  were  lysed  by  the  addition  of  guinea  pig 
complement .  It  should  be  pointed  out  that  about  50  percent  of  the  rat 
WBC  containing  phagocytlsed  fluorescent  plastic  particles  were  still  vi¬ 
able  after  2U  hr.  at  37*c. 

It  became  readily  apparent  from  these  studies  with  fluorescent 
plastic  particles  that  considerable  variation  in  phagocytic  action  occur¬ 
red. 

Shortly  after  these  phagocytic  tests  were  done,  the  article  by 
Bona  at  al.H/  appeared.  Their  interesting  results  demonstrated  that 
phagocytic  cells  are  capable  of  recognising  as  "foreign”  altered  autologous 
constituents  but  the  alteration  met  be  "adequately"  displayed.  Wb  believe 
that  to  have  satisfactory  passive  pickup  of  antibody  by  t0C  the  antibody 
will  have  to  be  "foreign"  to  the  WBC;  therefore,  we  should  use  a  heterol¬ 
ogous  antibody  for  the  WBC,  i.e. ,  antibody  from  one  species  and  BBC  from 
another  species. 


1.  Use  of  antlglobullns  to  study  WBC;  Two  experiments  were 
performed  to  test  whether  FITC-labeled  antirabbit  globulin  (of  goat 
origin)  could  be  used  to  locate  rabbit  globulin  in  normal  rabbit  WBC  and 
in  rat  WBC  passively  sensitized  to  rabbit  serum.  WBC  were  obtained  from 
a  normal  rabbit  using  two  different  WBC  separation  procedures.  Dextran 
(200,000  -  300,000  molecular  weight)  was  used  to  separate  the  WBC  in  one 
fraction  of  citrated  blood.  The  WBC  suspension  was  then  divided  and  part 
of  the  cells  were  washed  to  get  rid  of  the  dextran  and  plasma;  the  other 
fraction  of  WBC  was  left  in  the  dextran-citrate  diluent.  WBC  were  also 
obtained  by  differential  centrifugation  of  citrated  whole  rabbit  blood. 
Suspensions  of  each  of  the  three  WBC  fractions  were  then  exposed  to  the 
action  of  FITC-labeled  antirabbit  globulin.  Immediately  after  the  addition 
of  the  labeled  antiglobulin,  aliquots  of  each  suspension  were  observed 
under  the  fluorescent  microscope  and  only  a  rare  WBC  exhibited  fluorescence. 
After  l-x/2  hr.  of  incubation  on  a  roller  drum  at  37*C,  aliquots  of  each 
suspension  were  again  observed  and  all  three  preparations  had  large  clumps 
of  fluorescent  material.  The  cells  were  even  obscured  by  the  material. 

This  material  was  granular  and  was  a  typical  antigen-antibody  precipitate; 
thus  the  antiglobulin  had  reacted  with  the  normal  rabbit  serum  (globulin) 
present  in  the  suspension  and  on  the  surface  of  the  WBC.  However,  the 
precipitate  prevented  adequate  determination  of  where  the  reaction  took 
place.  After  20  hr.  incubation  at  37  *C*  fluorescent  observations  were 
again  made  of  the  treated  WBC  suspensions  and  fluorescent  particulates 
were  observed  inside  the  WBC.  All  cells  separated  by  the  differential 
centrifugation  citrate  method  wire  dead  but  many  of  the  dextran  separated 
cells  were  viable  and  contained  fluorescent  granules  both  inside  and  on 
the  surface  of  the  WBC.  Thus  we  did  get  a  reaction  between  the  FITC- 
labeled  antirabbit  globulin  and  the  globulin  present  in  or  around  the 
normal  rabbit  WBC;  however,  the  results  of  these  tests  were  of  little 
value  in  our  passive  sensitization  work. 

In  studies  with  rai  WBC  passively  sensitized  with  normal  rabbit 
serum,  three  different  suspending  fluids  were  used  for  the  WBC.  (These 
WBC  were  obtained  by  the  dextran-citrate  procedure.)  WBC  packed  and  re¬ 
suspended  in  (l)  Locke -Citrate  buffer;  (2)  'eedium  199,  pH  7.0;  and  (3) 

0.85  percent  NaCl  were  each  passively  sensitized  with  normal  rabbit  serum 
by  incubation  at  37*C  for  1-1/2  hr.  Aliquots  of  each  suspension  of  WBC 
were  treated  with  a  1-100  dilution  of  FITC-labeled  antirabbit  globulin. 

This  FITC-labeled  antirabbit  globulin  was  used  to  serve  as  an  indicator 
of  the  location  of  the  normal  rabbit  serum  used  to  passively  sensitize  the 
WBC.  By  fluorescent  microscopy,  we  were  able  to  show  that  the  normal 
rabbit  serum  appeared  to  be  attached  to  the  surface  of  many  of  the  WBC. 

The  small  W;C  (lymphocytes)  appeared  to  pick  up  more  serum  (or  stain 
brighter)  than  the  larger  WBC. 


Prom  these  two  studies,  we  feel  that  the  use  of  FITC  anti¬ 
globulin  will  only  be  helpful  in  passive  sensitivity  studies  for  system 
in  which  a  heterologous  serum  is  used  to  sensitize  the  cells.  Even  then 
the  antiglobulin  appears  to  us  to  have  limited  use  or  value. 

m.  Shin  tests  for  assessment  of  rabbit  immunity:.  We  had 
wondered  if  there  was  a  way  to  predict  a  good  WBC  rabbit  source  so  we 
skin-tested  all  of  our  immune  rabbits  to  determine  if  skin  reactivity 
might  be  used  an  an  indicator.  Each  immune  rabbit  was  shaved  and  un¬ 
diluted,  1-10  and  1-100  dilutions  of  the  corresponding  immunizing  antigen 
were  injected  intradermally  (0.1  ml.  per  injection).  After  24,  48,  96,  and 
144  hr.,  erythema,  edema,  and  hemorrhage  were  measured  for  each  site  of 
inoculation.  No  induration  nor  necrosis  occurred  at  any  injection  site. 

The  complete  results  will  not  be  given  in  this  report  but  merely  summarized. 
All  immune  animals  responded  with  erythema  and  most  of  them  with  edema; 
however,  the  degree  of  reaction  was  much  more  pronounced  with  the  SFV 
imnune  rabbits.  Only  one  poliovirus  immune  rabbit  responded  to  the  1-100 
dilution  of  virus.  Approximate  readings  for  the  animals  are  tabulated  as 
follows : 


Virus  Dilution  Injected 


Undiluted 

1-10 

1-100 

Poliovirus  1 

-  Immune  Rabbits 

Erythema 

8-15  mm. 

6-10  mm. 

0-6  mm. 

Edema 

5-15  mm. 

0-10  mm. 

0  mm. 

Poliovirus  2 

-  Immune  Rabbits 

Erythema 

7-16  mm. 

0-8  mm. 

0  mm. 

Edema 

4-13  mm. 

0-Trace 

0  mm. 

SFV  Immune  Rabbits 

Erythema 

29-33  mm. 

9-17  mm. 

3-9  an. 

Edema 

25-32  mm. 

7-12  mm. 

0-6  mm. 

It  appears  that  all  the  rabbits  had  skin  sensitivity  to  their 
corresponding  antigens;  however,  we  could  not  predict  any  difference  in 
reactivity  of  WBC  from  any  single  rabbit  upon  the  basis  of  these  tests. 

The  SFV  immune  rabbits  were  more  skin  sensitive  probably  due  to  the  presence 
of  a  small  amount  of  serum  in  the  antigens  used  to  immunize  them.  It 
would  have  been  desirable  to  test  the  SFV  rabbits  with  mouse  brain  SFV, 
but  we  did  not  want  to  cause  them  to  develop  a  WBC  sensitivity  to  brain 
tissue  such  as  the  SFV  in  mouse  brain.  These  skin  tests  only  indicated 


that  the  animals  were  sensitive  to  the  antigen  injected.  Whether  this 
.antigen  was  the  virus  per  se  was  not  proved.  These  data  were  not  supris¬ 
ing  since  we  knew  the  animals  all  possessed  neutralizing  antibody  to  the 
virus  used  to  isnunize  them;  however,  skin  sensitivity  is  more  closely  re¬ 
lated  to  the  hypersensitive  state  than  the  mere  presence  of  antibody.  We 
believe  the  WBC  reactions  will  be  more  likely  in  a  hypersensitized  animal 
than  in  just  an  lwann*  animal.  Our  rat  WBC  work  previously  reported  bears 
on  this  point. 


n.  Ia_ylYa  labeling  of  WBC:  Two  simple  experiments  were  per¬ 
formed  to  see  if  it  were  possible  to  label  the  WBC  in  vivo  by  the  in¬ 
travenous  injection  of  fluorescent  particles  or  a  fluorogenic  compound. 
Thirty  minutes  after  the  intravenous  injection  of  mice  with  0.2  to  0.25  ml. 
of  a  suspension  of  fluorescent  plastic  particles  (l.l  u  ellipsoidal 
particles)  no  fluorescent  particles  were  observed  in  blood  smears  examined 
with  the  fluorescent  microscope.  However,  smears  prepared  by  mashing  a 
small  piece  of  spleen  tissue  between  two  slides  revealed  numerous  fluo¬ 
rescent  plastic  particles  in  the  splenic  tissue.  These  particles  were 
apparently  in  the  splenic  macrophages  and  also  seemed  to  concentrate  in 
the  splenic  nodules.  These  results  are  not  surprising  since  the  spleen 
is  the  main  reticuloendothelial  organ  for  removal  of  foreign  materials. 
Liver  smears  prepared  from  these  mice  also  contained  fluorescent  particles 
but  not  to  the  extent  seen  in  the  spleen.  These  results  are  quite  in¬ 
teresting  when  one  considers  that  the  spleen  became  very  fluorescent  after 
the  injection  of  only  20  ug*  -  25  ug.  of  the  plastic  particles.  We  believe 
these  fluorescent  plastic  particles  will  make  ideal  KES  clearance  mate¬ 
rials  but  they  will  not  label  the  circulating  WBC  for  more  than  a  few 
minutes. 


In  the  other  in  vivo  labeling  study,  we  utilized  a  dilute  solu¬ 
tion  of  fluorescein  diacetate  (FDA).  This  compound  is  fluorogenic  and 
fluorescein  produced  by  its  hydrolysis  fluoresces.  FDA  was  dissolved  in 
acetone  and  then  further  diluted  in  0.85  percent  NaCl  to  a  final  concentra¬ 
tion  of  0.05  mg/ml.  This  solution  (0.1  ml.)  was  injected  intravenously 
into  each  mouse  without  obvious  harm.  Thirty  minutes  later  blood  smears 
and  spleen  pulp  smears  were  prepared  and  examined  with  the  fluorescent 
microscope.  If  the  FDA  had  been  taken  up  by  the  WBC  and  hydrolyzed  we 
would  have  expected  to  see  some  fluorescence  in  the  blood  smears.  This 
did  occur  but  only  a  few  cells  were  fluorescent.  Since  FDA  has  only 
limited  solubility  under  aqueous  conditions,  we  suspected  that  the  mate¬ 
rial  became  insoluble  in  the  blood  stream  and  w  s  then  taken  up  as  a 
"particulate"  which  was  later  converted  within  the  cells  to  the  fluorescent 
compound.  Similar  fluorescent  cells  or  aggregates  were  observed  in  the 
spleen  smears,  but  again  relatively  few  cells  or  nodules  contained  the 
fluorescent  material. 


The  above  results  may  have  valuable  applications  in  other  work 
but  not  for  reaching  the  goals  of  this  project. 

o.  Lysis  of  WBC  by  guinea  pig  sera;  In  the  previous  sections 
of  this  report,  we  have  frequently  mentioned  the  use  ">f  guinea  pig  serum 
as  a  source  of  complement  and/or  other  heat-labile  components .  The  use  of 
such  normal  guinea  pig  sera  to  enhance  lytic  reactions  has  been  reported 
for  many  antigen-antibody  systems  and  no  attempt  will  be  made  at  this  time 
to  review  the  literature  on  the  effects  of  complement  and/or  guinea  pig 
heat-labile  substances.  However  our  studies,  particularly  with  the  rat 
WBC,  indicated  that  we  must  be  concerned  with  the  potential  cellular  changes 
induced  in  WBC  by  normal  guinea  pig  sera  and  the  effects  of  complement  on 
the  immune  reactions  involving  WBC. 

(l)  Effect  of  guinea  pig  sera  on  rat  WBC:  Earlier  in  this 
report  we  noted  that  rat  WBC  were  lysed  rapidly  by  normal  guinea  pig  sera. 
WBC  from  both  normal  and  Immune  rats  were  affected  and  all  the  WBC  were 
lysed  within  a  matter  of  minutes  after  the  guinea  pig  sera  were  added  to 
the  WBC.  The  guinea  pig  sera  were  obtained  from  normal  guinea  pigs  and 
had  been  processed  so  as  to  retain  a  high  complement  level,  i.e.,  the  sera 
were  separated  rapidly  and  frozen  immediately  after  they  were  separated 
from  the  cellular  components  of  the  blood.  In  the  rat  WBC  studies  re¬ 
ported,  two  separate  guinea  pig  sera  were  tested  and  both  were  highly 
lytic  to  the  rat  WBC.  WBC  from  two  different  rats  at  each  of  two  dif¬ 
ferent  bleedings  were  lysed;  therefore,  we  felt  additional  investigation 
was  needed  concerning  the  problem.  Although  the  literature  has  not  been 
fully  checked,  we  have  not  found  a  specific  reference  to  this  particularly 
lytic  phenomenon.  Walfordl*/  in  his  book  "Leukocyte  Antigens  and  Anti¬ 
bodies"  discusses  leukolysins  and  mentions  that  a  rapid  leuko lytic  re¬ 
action  occurs  with  the  blood  of  normal  humans  when  suspended  in  sera  of 
certain  other  animals.  However,  these  comments  and  the  other  references 
to  leukolysins  in  Walford’s  book  dealt  mainly  with  human  white  cells. 

The  rats  used  in  the  SFV  studies  cited  in  the  previous  para¬ 
graph  were  Carworth  Farms  All-Purpose  Albinos.  The  guinea  pigs  used  aa  a 
source  of  complement  were  "run-of-the-mill"  mixed  breed  animals.  Since  a 
group  of  normal  guinea  pigs  from  the  Hartley  Strain  and  a  group  of  normal 
Charles  River  Albino  rats  ware  syllable,  we  conducted  experiments  to  detar- 
mine  whether  the  lysis  of  rat  WBC  by  guinta  pig  serum  was  observed  with 
WBC  and  sera  from  animals  of  these  other  sources. 

The  WBC  frcm  each  of  six  Charles  River  Albino  rats  vara 
rapidly  lyied  by  the  two  guinea  pig  preparations  used  in  our  SFV  work.  In 
most  of  these  slides  the  WBC  were  completely  lysed  in  10-15  min.  Inactiva¬ 
tion  of  the  guinea  pig  serum  at  56*C  for  50  min.  prevented  the  lytic  affect 
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of  the  guinea  pig  serum,  but  the  inactivated  serum  caused  a  leuko agglutina¬ 
tion  of  the  WBC  and  large  clumps  of  WBC  were  quickly  formed  when  rat  WBC 
were  treated  with  inactivated  serum.  Dilutions  of  1-10  or  higher  of  the 
non- inactivated  guinea  pig  serum  eliminated  the  lytic  and  agglutinating 
property  of  the  guinea  pig  serum. 

Normal  sera  from  each  of  four  Hartley  Strain  guinea  pigs  * 
and  two  run-of-the-mill  guinea  pigs  lysed  the  WBC  from  two  Carworth  Farm 
All-Purpose  Albino  Rats.  Therefore,  it  appears  that  the  phenomenon  of  rat 
HBC  lysis  by  normal  guinea  pig  sera  is  not  peculiar  to  the  animals  used  in 
our  SFV  studies .  This  lytic  problem  was  also  one  of  the  prime  reasons 
for  relegating  rat  WBC  studies  to  a  lower  priority  for  viral  identifica¬ 
tion. 


(2)  Effect  of  guinea  pig  sera  on  rabbit  WBC:  Problems  with 
non-specific  lysis  of  rabbit  WBC  were  not  encountered  in  our  early  work; 
however,  during  the  later  studies  we  had  a  number  of  rabbit  WBC  prepara¬ 
tions  which  were  lysed  by  normal  guinea  pig  serum  (as  a  source  of  comple¬ 
ment  and/or  heat-labile  components). 

In  our  earlier  studies,  the  WBC  preparations  were  not 
packed  and  then  resuspended  in  a  solution  free  of  anticoagulant.  During 
these  later  studies  most  of  the  WBC  suspensions  were  freed  of  the  anti¬ 
coagulant  by  an  extra  sedimentation,  decantation,  and  resuspension  in 
0.85  percent  NaCl  (saline)  or  similar  solutions.  Such  "washed"  WBC  sus¬ 
pensions  were  found  to  be  quite  susceptible  to  lysis  by  fresh  normal  guinea 
sera.  This  guinea  pig  serum  effect  was  removed  by  heat  inactivation 
(56*C  for  30  min.)  but  inactivated  serum  retained  some  leukoagglutinating 
activity  for  rabbit  WBC.  A  fivefold  or  higher  dilution  of  the  guinea  pig 
serum  prevented  its  lytic  action  on  rabbit  WBC. 

The  enhancing  effect  of  guinea  pig  complement  in  some  of  our 
earlier  studies  was  quite  beneficial  to  the  read-out;  however,  in  the 
light  of  our  later  observations  on  the  lytic  effect  of  guinea  pig  sera  on 
WBC,  both  rabbit  and  rat,  care  must  taken  in  the  planning  and  interpre¬ 
tation  of  WBC  experiments.  Our  recent  observations  do  not  invalidate 
any  cf  our  earlier  observations ,  since  the  controls  run  with  each  test  were 
sufficient  to  delineate  any  non-specific  guinea  pig  serum  effects. 


3.  Conclusions 


Ig  vitro  phagocytosis  experiments  have  been  conducted  in  an  ef¬ 
fort  to  develop  a  procedure  which  will  be  useful  for  the  identification 
of  100  or  fever  virus  particles  in  6  hr. 
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WBC  from  rabbits  Immune  to  poliovirus  1,  poliovirus  2,  and  to 
Semliki  Forest  Virus  have  been  studied  for  their  ability  to  indicate  the 
presence  of  the  specific  virus  for  which  the  cells  had  been  actively  sen¬ 
sitized.  By  the  microscopic  observation  of  the  morphological  changes  of 
these  Immune  WBC  after  they  are  exposed  to  the  specific  virus  we  have  been 
able  to  identify  250  to  1,000  TCIDijq  of  polioviruses  (both  types  1  and  2) 
and  Semlikl  Forest  Virus.  However,  the  regularity  of  such  positive  identi¬ 
fications  has  been  poor.  Numerous  variables  affect  the  capacity  of  the  WBC 
to  elicit  such  a  specific  identification.  Many  of  these  variables  reflect 
the  conditions  used  to  immunize  the  animal  supplying  the  WBC.  Our  studies 
have  been  conducted  with  WBC  from  animals  known  to  contain  antibody  to  the 
viruses,  yet  we  cannot  correlate  our  successes  or  failures  with  antibody 
levels.  Still  other  variables  relate  to  the  in  vitro  portion  of  the  pro¬ 
cedure.  Methods  of  WBC  separation,  the  diluents,  and  other  reagents  are 
only  a  few  of  the  variables  encountered  in  the  final  phases  of  the  experi¬ 
ments  on  viral  identification.  As  mentioned  in  this  report  certain  ac¬ 
cessory  factors  such  as  guinea  pig  complement  or  serum  have  varied  effects 
on  the  test  system. 

A  number  of  attempts  to  quantify  the  WBC  reactions  between  polio¬ 
virus  1,  poliovirus  2,  and  Semliki  Forest  Virus  with  the  corresponding 
immune  WBC  have  not  resulted  in  positive  identification  of  the  viruses 
studied.  However,  by-  use  of  a  hemacytometer-counting  technique  we  have 
reduced  the  variations  in  WBC  tests  due  to  the  number  of  cells  present  at 
the  time  of  read-out .  We  attribute  the  failure-  to  identify  the  viruses  in 
these  studies  to  the  lack  of  sensitivity  of  the  WBC  preparations  and/or 
other  factors  which  are  as  yet  unknown.!  The  WBC  preparations  also  failed 
to  exhibit  the  same  degree  of  morphologic  changes  which  have  been  observed 
in  previous  studies  and  by  which  we  have  been  able  to  identify  250  to 
1,000  TCIDgQ  of  virus. 

Oats  obtained  by  skin  tests  in  the  rabbits  indicate  that 

the  animals  are  hypersensitive  to  the  antigens  but  we  have  not  yet  been 
able  to  utilize  this  information  to  help  improve  the  identification  pro¬ 
cedures  by  proper  selection  of  WBC  source  animals. 

We  also  have  varied  the  timing  and  method  of  antigenic  stimula¬ 
tion  of  the  rabbits  without  finding  the  best  method  to  maintain  or  in¬ 
crease  the  sensitivity  of  the  WBC  preparations .  It  appears  that  consider¬ 
able  investigation  will  be  required  to  determine  the  optimum  procedure  for 
obtaining  satisfactory  Immune  WBC  for  in  vitro  viral  identifications. 

Bata  were  obtained  oh  the  preparation  and  use  of  fluoresoent- 
labeled  proteins  in  the  virus  identification  procedures  using  WBC.  In 
studies  with  rhodamine -labeled  bovine  albumin  we  observed  the  active 
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phagocytosis  of  the  labeled  protein  by  normal  WBC  and  morphologic  changes 
in  immune  IOC  when  they  were  exposed  to  virus.  In  contrast  to  these  posi¬ 
tive  results,  our  studies  with  three  FITC-labeled  proteins  (human  serum 
albumin,  normal  rabbit  serum,  and  normal  bovine  serum)  have  been  disap¬ 
pointing  since  the  FITC-labeled  proteins  were  not  phagocytized  by  normal 
WBC. 


Studies  on  the  phagocytic  pickup  of  serum-coated  Lentonite 
particles  indicates  that  passive  sensitization  of  WBC  from  normal  animals 
by  means  of  such  bentonite  particles  will  be  influenced  by  the  type  of  serum 
used.  Apparently,  the  WBC  recognize  the  difference  between  homologous  and 
heterologous  serum  adsorbed  to  the  particulates.  Particles  coated  with 
heterologous  serum  (such  as  the  antiserum  to  a  virus)  will  be  phagocytized 
better  than  particles  coated  with  serum  homologous  to  the  WBC.  The  FITC 
labeling  of  serum  may  alter  its  ability  to  be  used  in  passive  sensitiza¬ 
tion  studies. 

We  observed  wide  variation  of  the  phagocytic  pickup  of  fluo¬ 
rescent  plastic  particles  by  individual  WBC  preparations  without  any  ob¬ 
vious  reaacos  for  the  different  WBC  reactions.  With  rat  WBC,  it  was  pos¬ 
sible  to  follow  release  of  the  phagocytized  fluorescent  particles  due  to 
guinea  pig  serum  lysis  of  the  rat  WBC. 

WBC  from  mice  actively  Immunized  against  poliovirus  1,  polio¬ 
virus  2,  and  spent  tissue  culture  fluid  failed  to  permit  viral  identifi¬ 
cation  by  the  in  vitro  phagolytic  test  procedure.  Thus,  with  another 
species  of  animals  and  a  rapid  method  of  immunization  (intravenous),  we 
have  not  improved  our  possibility  for  developing  this  method  of  viral 
identification. 

Antiglobulins  tagged  with  FITC  have  been  used  to  locate  the  serum 
globulin  in  normal  and  passively  sensitized  WBC;  however,  this  method  has 
definite  limitations.  One  of  the  limitations  is  the  precipitation  re¬ 
action  occurring  if  homologous  serum  ia  used  to  passively  sensitize  the 
cells  or  if  the  homologous  serum  has  not  been  completely  washed  away  from 
the  WBC. 


Intravenous  injection  of  fluorescent  plastic  particles  and  of  a 
fluorogenic  compound  failed  to  give  a  good  in  vivo  method  of  tagging  WBC. 
However,  the  injection  of  the  1.1  mu  ellipsoidal  fluorescent  plastic  parti¬ 
cles  has  been  found  to  be  a  potential  new  and  novel  way  of  following  RES 
clearance . 

All  of  the  data  on  the  in  vitro  phagocytosis  method  for  viral 
identification  emphasises  the  variability  and  difficulties  to  be  encountered 
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in  the  use  of  such  live  cell  methods.  With  sufficient  work  and  proper 
conditions,  this  method  may  eventually  be  applied  for  viral  identifica¬ 
tion;  however,  we  are  not  optimistic  that  the  variability  can  be  overcome 
without  considerable  more  research  than  was  possible  within  the  time 
limits  of  the  current  contract.  Thus,  with  the  encouragement  and  advice 
of  our  sponsors,  we  redirected  our  efforts  during  the  latter  part  of  the 
contract  period  to  investigations  of  other  methods,  such  as  immunodif¬ 
fusion  and  means  of  measuring  soluble  virus -antibody  reactions. 


B.  Synthetic  Phospholipid  Membranes 


1.  Introduction 

The  use  of  phospholipid  bilayer  membranes  for  imnunological 
identification  of  virus  is  based  on  the  following  assumptions :  (l)  that 

an  antigen-antibody-complement  complex  results  in  the  formation  of  a 
phospholipase  from  one  of  the  complement  components;  (2)  that  the 
phospholipase  mentioned  above  will  react  with  the  phospholipids  of  the 
bilayer  membrane  and  result  in  the  transformation  of  these  phospholipids 
ir*  their  lyso-derivatives  (e.g.,  lecithin  transformed  into  lysol- 
ecithin);  (3)  that  the  resulting  lysolecithin  or  other  lyso- compounds 
will  alter  the  bilayer  membranes,  either  by  promoting  rupture  of  the 
membranes  or  by  altering  their  electrical  characteristics. 

Recent  studies  on  phospholipid  preparations  have  shown  that  it 
is  possible  to  prepare  bilayer  phospholipid  membranes  0.5  to  2.0  mm.  in 
diameter  which  are  relatively  stable  and  which  exhibit  a  high  resistance 
to  current  flow.15"1-7/  (See  Fig.  1.)  Membranes  is  is  10  on.  In 

diameter  have  been  made.15/  Although  these  membranes  are  only  about  60  X 
thick,  they  offer  a  DC  resistance  of  0.2  to  4.0  meg  fl/cm?  and  can  withstand 
voltages  up  to  approximately  200  mv.  Thus,  by  monitoring  the  resistance 
and  other  electrical  characteristics  across  apertures  bearing  these  mes^ 
branes,  it  is  possible  to  detect  changes  in  structure  and  composition  of 
the  membranes.  Rupture  of  the  membranes  is,  of  course,  accompanied  by  a 
rapid  drop  in  resistance. 

A  number  of  investigations  have  shown  that  one  of  the  components 
of  complement  may,  in  the  presence  of  an  antigen-antibody  complex,  be  trans¬ 
formed  into  an  enzyme,  phospholipase . 18 »W  There  is  evidence  that  a  com¬ 
plement-derived  phospholipase  is  responsible  for  the  lysis  of  erythrocytes 
(for  a  brief  review  see  Phillips  and  Middleton), £2/  although  some  workers 
have  questioned  the  role  of  phospholipase  in  complement-associated  oell 
lysis .20,21/  nevertheless,  Klibansky  and  deVries^/  have  shown  an  effect 


of  lysolecithin  in  phospholipase  A-treated  blood  on  erythrocytes.  Although 
the  aacunt  of  lysolecithin  formed  vas  not  adequate  tc  produce  hemolysis , 
it  did  cause  RBC  sphering  and  some  loss  of  cholesterol  from  the  meArane. 
These  effects  were  reversed  by  albueln  but  not  by  fibrinogen  Y-globulin 
or  hemoglobin. 22/  Since  lysolecithin  is  selectively  bound  by  aibumln,2^/ 
it  is  probable  that  at  least  soae  of  the  lack  of  agreeaent  among  investi¬ 
gators  on  the  role  of  phospholipase  in  call  lysis  is  due  to  a  binding  of 
the  lysophosphatidyl  compounds  by  albumin  in  solution  or  albuain  bound  to 
the  cell  surface.  Keller ,£1/  for  example,  has  pointed  out  that  lysolecithin 
effects  on  cell  membranes  may  be  liaited  to  the  area  of  interaction  of  anti¬ 
gen  and  antibody.  Therefore ,  if  a  phospholipase  is  in  fact  produced  by 
complement-fixing  antigen-antibody  reactions,  it  is  more  likely  that  the 
phospholipase  produced  by  this  reaction  would  be  capable  of  hydrolyzing 
phospholipids  of  a  manufactured  bilayer  film  if  the  antigen-antibody- 
complement  complex  were  in  contact  with  the  film. 

Previous  studies  on  mo nolsye red- phospholipids  have  shown  that 
these  monolayers  are  affected  by  phospholipase.  In  investigations  by 
Hughes^S/  on  the  effects  of  venom  phospholipases  acting  on  lecithin  mono- 
layers,  it  was  found  that  vary  small  quantities  of  phospholipase  could  be 
detected  by  the  enzyme -induced  lecithin- to-lysolacithin  transformation. 

In  these  studies  the  lecithin-to-lysoleclthln  conversion  was  detected  by 
changes  in  surface  potential.  Similar  studies  on  the  fall  of  surface  po¬ 
tential  of  spread  lecithin  films  have  been  reported  by  Colaccio  and 
Rapport.26/  Enzymatically  produced  changes  in  monolayered  phospholipid 
effected  by  the  lecithin-to-lysolecithin  conversion  have  also  bean  studied 
by  particle  electrophoresis ,£2j£§/  and  by  an  isotope  method. 29,30/ 

Although  no  one  to  date  has  reportedly  utilized  the  biiayer 
phospholipid  membrane  of  Mueller  et  el.,  and  of  Huang  at  el. .j-5,!6/  for 
the  detection  of  phospholipase  activity,  it  la  likely  that  changes  in 
electrical  resistance  produced  by  the  action  of  phospholipase  would  mm'«a 
this  method  one  of  the  most  sensitive  ones  available  for  phospholipase 
activity  detection.  Therefore,  if  the  union  of  antigen  plus  antibody 
plus  complement  causes  •  comp  lament- to-phosphollpase  transformation,  this 
phospholipase  might  be  best  datected  by  its  effect  on  the  bliayer  phos¬ 
pholipid  membrane.  Detection  of  the  phospholipase  would  be  facilitated 
if  the  antigen-antibody  combination  is  in  direct  contact  with  the  phospho¬ 
lipid  mambrane,  as  indicated  ebove.  Thus,  one  might  anticipate  that  a 
single  virus  particle  reacted  with  specific  antibody  and  complement  could 
cause  localized  changes  and/or  rupture  of  such  a  bilayer  lipid  mnferane, 
if  the  Immune  complex  were  in  contact  with  the  membrane .  The  increased 
solubility  of  the  enzymatically  produced  lyso-pbosphatldyl  compound  would 
weaken  the  membrane  structure.  Teat  specificity  (l.e.,  identification  of 
the  virus  type)  would  be  provided  by  the  availability  of  highly  specific 
antibody  preparations  against  the  various  types  of  virus. 
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Id  view  of  ths  reasonable  premise  of  success  for  virus  identifi¬ 
cation  with  very  small  maters  of  virus  particles  offered  by  the  bilayer 
phospholipid  membrane  Methods,  the  following  study  was  initiated.  The 
first  part  of  the  study  was  devoted  to  investigating  the  effects  of  a 
known  phospholipase  preparation  on  the  electrical  properties  of  these 
phospholipid  a»ri>ranes.  The  second  part  of  the  study  was  devoted  to  a 
study  on  the  effects  of  antigen  (virus) -ant ibody- complement  complexes  on 
these  membranes. 


2.  Materials  and  Methods 


a.  Bilayer  membrane  cell  device:  A  Lucite  chamber  fashioned 
front  sheet  Lucite  was  constructed  for  holding  a  polyethylene  cup  as  shown 
in  fig.  2.  This  Lucite  chamber  was  positioned  in  a  Lucite  constant  temp¬ 
erature  bath  so  that  the  level  of  the  water  in  the  bath  was  below  the  top 
of  the  Lucite  chamber.  Hater  in  the  constant  temperature  bath  was  held  at 
S6.5*C  by  meant  of  heated  water  passed  from  a  Ha&ke  constant  temperature 
circulator  through  a  copper  tubing  coil  in  the  bath  (Pig.  3).  Concrete 
blocks  were  used  in  a  shock  mounting  to  minimise  the  effect  of  vibrations 
on  the  membrane. 

A  portion  of  the  wall  of  the  polyethylene  cup  was  milled  from 
the  inside  as  shown  in  Pig.  1-B  and  an  approximately  1.0  mm.  diameter  hole 
formed  at  the  thinned  wall  area  with  a  heated  needlw  guided  with  a  Leits 
adcromanipulator .  Care  was  taken  to  prevent  the  hot  needle  from  actually 
touching  the  polyethylene.  The  best  polyethylene  cup  units  were  prepared 
from  trimmed  screw  cap  polyethylene  sample  bottle  (33  me.  high  prior  to 
trimming),  These  polyethylene  cups  were  held  in  a  piece  of  Lucite  sheet 
cut  to  fit  easily  in  the  Lucite  cell  and  drilled  with  a  bole  just  large 
enough  ao  that  the  polyethylene  cup  could  be  forced  into  it.  This  piece 
of  Lucite  eerved  as  a  base  for  holding  the  polyethylene  cup  in  place  during 
each  experiment. 

Buffered  sellne  was  edded  to  the  Lucite  cell  end  the  polyethylene 
cup  so  that  the  level  of  buffer  was  about  1. 5-2.0  ms.  below  the  surface  of 
the  cup  and  about  7.0  os.  above  the  membrane  opening  in  the  polyethylene 
cup.  The  phospholipid  mixture  was  added  to  the  membrane  opening  by  means 
of  e  small  camel's  heir  or  sable  artist's  paint  brush  after  the  electrodes 
had  been  positioned  end  the  bath  had  reached  the  desired  constant  temper¬ 
ature  of  36.5*0. 


SO 


b.  Preparation  and  evaluation  of  egg  phospholipid:  The  phos¬ 
pholipid  used  in  the  experiments  reported  here  was  prepared  from  fresh 
egg  yolks  by  the  method  of  Pangborn.51/  Lecithin  prepared  by  this  method 
was  colorless  and  hence  presumably  relatively  unoxidited.  Lecithin  prep¬ 
arations  that  we  obtained  commercially  were,  in  contrast,  brown  in  color. 
Since  oxidation  of  the  phospholipid  affects  the  quality  of  the  bilayer 
phospholipid  membranes.  16,25/  an  attempt  was  made  to  use  only  relatively 
unoxidized  phospholipid  materials  in  this  study.  Three  different  batches 
of  this  lecithin  were  prepared  and  stored  under  nitrogen  at  -60*C. 

Portions  of  each  batch  were  stored  either  solvent-free  or  dissolved  in 
the  n-tetradecane-chloroform-methanol  solution  of  Huang  et  al . 16/ 

In  some  studies  we  added  cr-tocopherol  to  the  phospholipid  mix¬ 
tures,  since  Wirth  et  al.  5f ■)  produced  stable  bilayer  membranes  for  periods 
up  to  13  hr.  with  0.1  percent  o-tocopherol  in  their  lipid  mixtures. 

Mueller  et  al.  15/  also  used  a-tocopherol  in  their  membrane  preparations. 

Qualitative  examinations  of  our  lecithin  preparations  were  done 
with  Eastman  Chromagram  No.  K30IR2  silica  gel  thin- layer  chromatography 
sheets  which  had  been  activated  by  heating  for  1  hr.  at  100*C.  Lecithin 
samples  (10  mg.)  dissolved  in  0.5  ml.  of  chloroform  were  spotted  onto  the 
chromatography  sheets  and  the  sheets  developed  with  a  chloroform/methanol/ 
water  (65-25-4)  mixture  in  a  chromagram  developing  apparatus  for  about 
2  hr.  The  sheets  were  then  sprayed  with  a  solution  of  rhodamine-B  in 
ethanol  and  the  phospholipid  spots  observed  under  ultraviolet  light.  The 
results  of  the  TLC  tests  showed  that  lecithin  was  present  as  a  major  frac¬ 
tion  of  the  total  phospholipid  in  our  extracted  yolk  preparations. 

Since  the  phospholipid  bilayer  membranes  were  used  to  detect  im¬ 
munological  reactions,  some  consideration  was  given  to  ionic  strength,  pH 
and  divalent  cation  composition  of  the  saline  solution  used  in  the  cell 
unit.  Three  buffered  salines  were  used,  all  with  0.85  percent  NaCl  in 
distilled-deionized  water:  pH  7.2,  0.01  M  NaHgPO^-NagHPO^  (FBS);  pH  7.2, 
0.05  ionic  strength  tris;  and  pH  7. 4-7. 5  veronal  buffer  (VBS).  The  best 
results  in  regard  to  membrane  formation  were  obtained  with  the  veronal 
buffered  saline,  which  is  also  the  buffered  saline  recommended  for  com¬ 
plement  fixation  tests  .55/  it  is  probable  that  the  Ca++  and  Mg’**  ions 
present  in  VBS  serve  to  stabilise  the  phospholipid  bilayer  Mfflbranes. 

c.  Proteolipld:  "Ox"  brain  proteolipid  was  prepared  by  the 
method  of  Mueller  et  al.  (1963)15/  and  by  their  later  method  (1964).5£/ 
After  preparation,  the  lipids  were  plaoed  in  chloroform-methanol  (2  gm. 
proteolipid  per  48  ml.  chloroform  and  32  ml.  methanol)  and  stored  at  4*C. 
n-Tetradecane  was  added  to  constitute  18  percent  of  the  final  mixture  by 
volume  just  prior  to  use  in  membrane  preparation. 
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d.  Preparation  of  bilayer  phospholipid  membranes:  Bilayer  phos¬ 
pholipid  aufcnau  approximately  60  A  thick  and  about  1.0  ma.  in  diameter 
mere  produced  By  a  modification  of  the  method  of  Huang  et  al .!£/  initial 
studies  were  carried  out  with  the  polyethylene  cell  units  shown  in  Fig.  2. 
To  prepare  phospholipid  membranes ,  phospholipid-containing  mixtures  added 
to  the  aperture  in  each  polyethylene  unit  and  bilayer  membranes  formed  as 
shown  is  Fig.  1-C.  The  phospholipid  mixture  used  was  the  one  recommended 
by  Huang  et  al. :16/  2.0  percent  lecithin;  16.0  percent  n-tetradecane ; 

48.0  percent  chloroform;  and  52.0  percent  metbwol. 

e.  Optical  evaluation  of  membranes:  A  Unitron  stereoscopic 
microscope  (40X)  plus  a  Leitz  microscope  lamp  as  a  light  source  were  used 
to  observe  the  membrane  during  the  course  of  the  experiments.  Electrical 
measurements  were  not  made  until  the  lecithin  solution  pulled  away  from 
the  center  of  the  hole  to  give  a  "black"  bilayer  membrane. 

f .  DC  electrical  measurements:  Measurement  of  current  flow 
through  the  phospholipid  membranes  was  done  with  Ag-AgCl  +  saturated  KC1 
glass  electrodes  connected  to  a  DC  voltage  source  (1-1/2  v.  Eveready 
battery)  via  a  Beckman  Helipot  potentiometer  and  a  Keithley  model  220 
electrometer  as  shown  in  Fig.  4.  The  electrometer  in  turn  was  connected 
to  a  Honeywell  Electronik  19  recorder  in  order  to  obtain  a  continuous 
record  of  current  changes.  The  voltages  applied  were  kept  low  (ap¬ 
proximately  30  mv.)  in  order  to  minimize  membrane  breakdown  due  to  the 
voltage. 


g.  AC  electrical  measurements:  Changes  in  voltage  drop  across 
the  membrane  window,  due  either  to  breakage  of  the  phospholipd  membrane 
or  to  changes  in  the  electrical  characteristics  of  the  membrane,  were 
measured  with  the  equipment  shown  in  Fig.  5.  A  200-cycle,  alternating- 
current  signal  was  continuously  fed  across  the  membrane  from  a  Hewlett- 
Packard  241A  Oscillator.  A  10 6  n  resistance  was  interposed  in  the 
circuit  as  shown.  All  lines  were  shielded  and  Individual  pieces  of  equip¬ 
ment,  including  the  water  bath,  were  grounded  to  reduce  60  cycle  AC  noise. 

Sllver/silver  chloride  +  saturated  XC1  glass  electrodes  were 
positioned  in  the  inner  and  outer  chambers  (l.e.,  on  either  side  of  the 
membrane  window)  as  for  the  DC  studies  described  above.  A  Columbia  Re¬ 
search  Laboratories  model  4000  cathode  follower  (approximately  unity  gain) 
and  a  Hewlett-Packard  model  150  A  oscilloscope  were  used  as  shown.  When 
no  meMbrane  was  present  in  the  window,  there  was  a  small  voltage  drop 
across  the  electrodes  of  approximately  2  mv.  in  most  experiments,  this 
voltage  drop  was  subtracted  from  measured  voltages  with  membranes  in  the 
membrane  window. 


fl|.  4  -  Manbmn#  Cell  Device 


Thl*  figure  shove  an  abbreviated  rlev  of  tbs  Lucite-and -polyethylene  — ■ hrane 
cell  device  positioned  In  a  Luclte  constant  tcaperature  bath,  vhloh  in  turn 
Is  positioned  over  a  nagnetic  stirrer  unit.  ASbestos-vlok  glass  electrodes 
containing  saturated  KQ  and  a  Ag-Agd  strip  are  shorn  In  their  noreal 
operating  positions  (one  Inside  thsi  polyethylene  cqp  and  one  la  the  mAIub 
surrounding  the  cup),  lbs  voltage  souroe  Is  a  1-1/2  v*  battery  ooeneeted 
to  a  Becknsa  Sellpot  potentloneter  (voltage  divider)]  the  electr  canter  Is 
a  Keithly  220  DC  YSW  plus  a  deoads  shunt;  and  the  recorder  Is  a  looayvall 
XLectronlk  19  unit. 
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3.  Experiments 


a.  Membrane  stability:  Phospholipid  membranes  were  produced 
with  our  lecithin  preparations  when  veronal  buffered  complement -fixation 
saline  was  used  for  the  cell  unit.  Much  longer  lasting  mesbranes  were 
produced  with  this  VBS  as  compared  with  phosphate  or  tris-buffered  saline 
(see  Table  10,  p.  58). 

One  problem  which  frequently  occurred  during  the  experimental 
runs  was  the  appearance  of  a  small  bubble  on  the  membrane.  This  bubble 
produced  some  disturbances  in  the  electrical  measurements.  Another  problem 
which  occurred  with  all  of  the  buffered  salines  was  that  membranes  fre¬ 
quently  ruptured  within  5  min.  after  their  application.  The  results  sum¬ 
marized  in  Table  10  include  only  those  membranes  which  lasted  more  than 
5  min.,  although  they  also  include  data  from  membranes  which  were  ac¬ 
cidentally  ruptured  from  unavoidable  vibrations. 

In  order  to  produce  a  membrane ,  it  was  often  necessary  to  — h» 
a  large  number  of  attempts  with  phospholipid  mixtures  applied  by  the  sable 
brush.  Frequently  no  membrane  at  all  was  formed  or,  if  formed,  it  lasted 
only  a  few  seconds.  Table  11  summarizes  the  results  obtained  in  a  series 
of  experiments  run  from  4  March  to  6  May  1966,  with  lecithin  and  proteolipid 
mixtures.  The  table  contains  data  for  membranes  which  lasted  for  more  than 
a  few  seconds  but  does  not  include  the  total  number  of  brush  attempts 
(i.e.,  it  does  not  include  "membranes"  which  lasted  for  very  brief  inter¬ 
vals  or  failures  to  fora  any  membrane  at  all). 


TABUS  11 

PHOSPHOLIPID  (LECITHIN  OB  PROgOLIPID) 

BILAY8R  jgjgRAJffi  STABILITY 

(Bilayer  membranes  produced  from  a  mixture  of  purified  egg  lecithin  or 
bovine  brain  proteolipid  in  n-te trade cane,  chloroform  and  methanol 
during  the  period  from  4  March  to  6  May  1966.) 


Membranes 


Total 

!*o.  Lasting 

%  Lasting 

no. 

5  Min.  or 

5  Min.  or 

i 

Longer 

!on»r 

Lecithin 

297 

87 

29.5 

Proteolipid 

144 

51 

55. 4 

57 


The  earlier  experiments  with  e&g  lecithin  for  the  production  of 
membranes  gave  a  higher  percentage  of  successful  membranes  --  ones  lasting 
over  5  min.  —  than  the  later  experiments  (see  Table  12).  Although  lecithin 
preparations  were  kept  at  freezer  temperature ,  approximately  -60 *C,  until 
the  day  of  use,  prolonged  storage  may  have  allowed  a  detrimental  alteration 
of  the  lipid.  In  regard  to  the  brain  proteolipld  material,  however,  stor¬ 
age  at  refrigerator  temperature  (approximately  4*C)  for  about  one  month  did 
not  seem  to  change  significantly  its  ability  to  form  membranes. 

TABLE  12 

LECITHU?  BILAttR  jgjggAOgj!  EFT1CT  OT  STOBAg 
OF  L8CI1HIH  OH  MPBBAKE  STABIUTf 


b.  DC  studies  t  Both  lecithin  and  proteolipld  membranes  were 
tested  against  iaauno logical  reactants  (antigen-antibody- complement)  as 
well  as  against  snake  venom  phospholipase.  The  substances  used  in  these 
tests  are  siammurlaed  in  Table  IS.  Bone  of  these  materials,  in  membranes 
tested  by  the  DC  voltage  method,  showed  any  consistent  effects  on  the 
membranes.  Unfortunately,  there  was  so  inch  variability  in  control  maa- 
brane  lifetime  (duration  prior  to  breakage)  that  good  evaluation  of  lammo- 
loglc  reactant  effects  on  membranes  was  not  possible. 

c.  AC  studies i  In  studies  on  tbs  effects  of  these  lamunologloal 
reactants  on  the  electrical  properties  of  membranes  subjected  to  AC  cur¬ 
rent,  there  wet  again  too  much  variability  in  membrane  reaction  prior  to 
the  addition  of  immunological  reactants  to  evaluate  the  results.  So  rapid, 
transient  electrical  effects  (less  than  0. 1-0.5  sec.  in  duration)  male 
observed,  nor  wee  there  any  consistent  long-term  effect  (several  seconds 

to  several  minutes  or  longer).  Toro-Ooyoo  et  al.  £§/  reported  treaelent 
effeeta  (reductions  in  impedance  across  their  phospholipid  bilayer  mem¬ 
branes  lasting  about  l/10  esc.)  with  antigen-antibody  reaction  as  well  as 
with  sneyms  substrate  interact  loos  in  stadias  on  those  mntremea  with 
200  cycle  alternating  currant.  Pence,  la  car  AC  stadias  we  have  looked 
for  both  transient  and  long-term  affects. 


TABLE  13 


8»8TA»a8  (PtQfOLOQICAL  BEACTAHTS  AMD  VENOMS) 
BSTP  FOB  THEIR  EFTBCIS  ON 
PHOSPHOLIPID  ICCRANBS 


Anti-hvaan  aerial 
Henan  aerta  albualn  (HSA) 

Anti-HBA  antiaerta 
Heat-denatured  HSA  complex  (CA) 

Purified  frog  yolb  protein  (IP) 

Anti-IP  antiaerua 
Anti-polio virua  ianame  globulin 

Cnaplamnt  (guinea  pig  serua,  reconatituted  lyo phi liaed) 
Control  rabbit  aerua 
Hale  flava  vanoa 
lain  naJa  vanoa 

■aia  naia  vanoa  (heated  100 *C,  15  ain.) 


There  was  soaa  auggeation  of  a  lower  aeabrane  reaiatance  after 
the  addition  of  varioua  reactant* .  However,  reaiatance  drops  often  oc¬ 
curred  with  each  one  of  the  1  win  i logical  reactants  alone ,  thereby  aaking 
any  effects  by  laame  ccaplexea  at  an  ingles*  for  purposes  of  laauna  reac¬ 
tion  identification. 

d.  Vanoa  etudlast  Bade  naJa  vanoa  was  prepared  as  solutions  of 
heated  (100*C,  IS  ain.,  pH  6)  cr  unheated  aaterial  which  ware  diluted  with 
VB8  to  an  equilvalent  vanoa  concentration  of  0.5  ng/al  prior  to  addition  to 
the  aaribrane-oontalning  polyethylene  cup.  Approxiaately  0.05  nl.  of  vanoa 
aolutlon  wee  added  to  the  solution  within  the  cup  (about  2  al-  volune); 
drops  in  reaistanoe  followed  the  addition  of  Bait  naia  and  Mala  flava 
vanoae.  It  Is  interesting  that  the  phospholipase*  in  the  snake  venom  did 
not  seta  to  proaote  actual  rupture  of  the  phospholipid  asMbranaa ,  although 
again  variability  in  Ufa  spans  of  untreated  phosphoUpld  aadbranet  nede 
difficult  the  evaluation  of  vanoa  effects. 

To  teat  the  leelthlaaee  activity  of  our  vanoa  preparations  the 
eolations  described  above  were  added  to  suspensions  of  muse  J®C  in  VB8 
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and  incubated  at  37*C  for  30-,  60- ,  and  120-ain.  periods.  Both  heated 
and  unheated  HaJa  naja  venom  solutions  were  tested  and  found  to  heaolyze 
HBC,  thus  indicating  the  presence  of  active  lecithinase  in  these  prepar¬ 
ations. 


e.  Saline  solutions;  Lecithin  and  proteolipid  meabrenes  were 
tested  in  a  nuaber  of  solutions  to  determine  whether  or  not  buffered  solu¬ 
tions  were  preferable  to  unbuffered  saline  for  improved  membrane  stability. 
Isotonic  saline  (0.15  N  and  0.85  percent  NaCl),  as  well  as  phosphate  buf¬ 
fered  saline  (IBS)  and  veronal  buffered  saline  (VBS)  were  used.  The  lat¬ 
ter  solution,  VBS,  was  selected  for  most  of  the  studies  since  it  has  been 
widely  used  for  complement  fixation  and,  therefore,  should  be  more  suitable 
for  the  investigation  of  effects  of  limine  reactions  involving  complement 
on  phospholipid  membranes.  VBS  contains  both  Ca**  and  )%++  ion',  which  are 
known  to  be  involved  in  reactions  of  complement  with  1  imams  complexes.  The 
results  of  the  studies  reported  here  showed  thst  VBS  is  a  satisfactory 
medium  for  bilayer  phospholipid  meabrane  formation  relative  to  unbuffered 
or  to  phosphate  buffered  salines. 

f .  Effect  of  additives:  A  series  of  experiments  were  carried 
out  to  determine  whether  either  cholesterol  or  or- tocopherol,  when  added 
to  the  lecithin- tetradecane-chlorofom-methanol  mixture,  would  increase 
membrane  stability.  No  increase  in  meabrane  stability  resulted  from  the 
addition  of  these  materials  to  the  lecithin-containing  aolutlona.  This 
failure  to  increase  membrane  stability  may  have  been  influenced  by  the 
relatively  long  storage  of  the  lecithin  prior  to  the  addition  of  the 
cholesterol  or  or -tocopherol. 


4.  Placuaalon 

Xf  immunological  reactions  do  in  fact-  result  in  a  production  of 
phospholipase  from  on*  of  the  components  of  complement,  this  phospholipase 
could  provide  the  basis  fcr  a  very  sensitive  detection  of  ianunologioal  re¬ 
actions,  since  it  should  be  possible  to  detect  the  resulting  phospholipase 
from  its  ensynatic  affects  on  phospholipids  of  bilayer  synthetic  ambmma. 
We  therefore  carried  out  the  studies  described  here  in  the  hops  of  finding 
changes  in  tbs  electrical  properties  of  phospholipid  bilayer  mahbraata, 
since  these  mohrsnes  should  provide  a  sensitive  means  of  detecting  anty- 
aatic  effects  on  the  phospholipids  tUrough  change  a  in  electrioal  properties. 

The  results  of  tbs  studies  reported  bare  do  net  show  any  con¬ 
sistent  evidence  that  it  is  possible  to  asasure  Imamn logical  reactions 
with  the  system  employed.  The  negative  findings  do  not,  of  oourst,  mean 
that  this  system  cannot  be  used  for  measuring  immunological  react  lens. 
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,  It  is  interesting  that  Toro-Goyco  et  al.  ££/  have  reported  that 
Insulin-anti-insulln  reactions  can  be  detected  vith  a  system  similar  to 
one  of  the  types  (alternating  current)  used  here.  J.  del  Castillo  and  co- 
worker*36/  have  reported  success  on  ths  use  of  ox  brain  phospholipid- 
cholesterol  mixtures  for  the  preparation  of  meaforanes  for  the  detection 
of  both  substrate -enzyme  interactions  and  also  antigen-antibody  reactions. 
However,  as  we  learned  from  Dr.  Thompson, 21/  all  problems  are  not  solved 
and  often  the  results  cannot  be  repeated.  Still  we  believe  that  the  orig¬ 
inal  results  were  correct i  the  difficulty  is  that  there  are  so  many  vari¬ 
ables  it  is  not  possible  to  control  them  all  at  this  time. 

A  serious  problem  which  occurs  with  phospholipid  materials  is 
that  they  are  readily  oxidized,  particularly  the  unsaturated  fatty  acid 
chains  in  the  g-position  (on  the  second  carbon  of  the  glycerol  portion 
of  the  molecule).  Huang  et  al.  12/  have  called  attention  to  the  detri¬ 
mental  effects  of  oxygen  on  phospholipid  membranes  made  from  purified 
lecithin  and  Mueller  et  al.  _i/  have  likewise  indicated  that  exposure  to 
light  and  air  causes  a  deterioration  of  their  proteolipid  phospholipid 
preparation.  Our  difficulties  encountered  in  preparing  stable  membranes, 
especially  with  purified  lecithin,  may  very  well  have  been  due  to  the  oxi¬ 
dation  of  the  phospholipids. 

Variability  in  response  of  our  own  phospholipid  preparations  in 
regard  to  erratic  duration  of  membrane  survival  has  made  it  virtually  im¬ 
possible  to  evaluate  the  effects  of  either  venom  phospholipases  or  immuno¬ 
logical  reactants  on  these  membranes.  There  were  frequent  indications  that 
these  substances  were  influencing  the  electrical  properties  of  the  mem¬ 
branes,  out  no  quantitative  or  other  reliable  estimate  of  the  effects  can 
be  made.  Thus  membranes  often  ruptured  after  the  addition  of  antibody  + 
antigen  +  complement  (in  that  order),  but  rupture  was  also  frequently 
effected  by  any  one  of  the  reactants  alone,  or  even  without  the  addition 
of  any  other  material. 


5.  Conclusions 


Before  any  meaningful  evaluation  of  the  phospholipid  bilayer  mem¬ 
brane  system  for  identifying  immunological  reactions  can  be  performed,  it 
will  be  necessary  to  devote  a  substantial  effort  to  improving  the  entire 
system.  Although  some  of  the  additional  effort  will  have  to  be  directed 
at  the  actual  physical  setup  of  the  bath,  polyethylene  cup,  etc.,  as  well 
as  to  the  electrical  measuring  system,  a  major  effort  will  have  to  be 
spent  on  methods  for  obtaining  (and  maintaining)  a  stable  and  satisfactory 
phospholipid  material  for  membrane  manufacture.  As  far  as  the  possible 
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utilization  of  the  lipid  bilayer  membrane  for  the  identification  of  virus 
is  concerned,  however,  there  is  little  Justification  for  further  iaawn o- 
logical  studies  with  it  until  the  entire  bilayer  aystea  is  svfeatantially 
improved. 


C.  Particle  Electrophoresis 

1.  Introduction 

Charged  microscopic  particles  suspended  in  an  electrolyte  read¬ 
ily  undergo  migration  when  placed  in  an  electric  field.  The  rate  of  mi¬ 
gration  is  a  function  of  the  charge  on  the  surface  of  the  particle,  the 
strength  of  the  electric  field,  the  viscosity  of  the  suspending  medium 
and  certain  other  factors.  It  has  been  shown  that  the  addition  of  sub¬ 
stances  which  change  the  surface  arge  of  the  particles  also  changes  the 
migration  rates  of  the  particles,  r’resh  red  blood  cells,  white  blood 
cells,  tanned  red  blood  cells,  and  0.00 r  particles  falling  within  the  size 
range  easily  seen  with  a  microscope  ha .  c  been  extensively  studied  by  the 
particle  electrophoresis  method .38/ 

Since  the  reaction  of  an  antibody  with  its  homologous  antigen 
produces  a  neutralization  of  charges,  we  then  expected  that  particles 
coated  with  antibody  and  those  coated  first  with  antibody  and  then  reacted 
with  antigen  would  possess  different  migration  rates  in  an  electric  field. 
If  this  reaction  of  virus  with  its  antibody-coated  latex  particle  can  be 
shown  to  be  specific  and  sensitive,  then  by  the  use  of  this  phenomenon  and 
certain  additional  techniques  antibody-coated  particles  should  be  useful 
for  the  identification  of  virus  particles. 

In  order  to  use  electrophoretic  mobility  measurements  fbr  the 
identification  of  virus  we  anticipate  that  it  will  be  necessary  to  prepare 
a  series  of  particles  each  coated  with  a  different  viral  antibody.  The 
particles  could  be  color  coded  so  that  each  would  represent  a  single  anti- 
body  coating.  Addition  of  an  unknown  virus  to  a  mixture  of  these  different 
colored  particles  should  result  in  a  decreaaa  in  the  electrophoretic  mi¬ 
gration  rate  of  only  those  particles  bearing  the  specific  virel  antibody. 
Determination  of  which  color  of  particles  reacted  with  the  virus  should 
permit  an  identification  of  the  viral  agent.  The  use  of  an  AC  particle 
electrophoresis  apparatus  of  the  type  described  by  Sher  and  Scbwan,39/ 
along  With  a  color  photographic  process  to  record  which  color  of  particle 
showed  the  reduced  migration  rate,  should  complete  the  rapid  idantification 
process. 


-  ^Before  attesting  the  construction  of  an  AC  particle  electro¬ 
phoresis  apparatu s  similar  to  that  of  Sher  and  Schwan  to  test  this  identi¬ 
fication  method,  vt  chose  to  establish  vith  snore  certainty  our  original 
pres^ae  that  a  relatively  few  virus  particles  are  sufficient  to  produce  a 
neutralisation  of  the  surface  charge  of  an  antibody-coated  particle  and 
thereby  produce  e  marked  decrease  in  its  electrophoretic  nobility.  Thus 
we  have  continued  work  vith  the  electrophoresis  apparatus  (Fig.  6)  used 
in  our  earlier  studies  and  have  attempted  (l)  to  establish  the  quantitative 
relationship  between  virus  and  antibody  requirements,  (2)  to  determine  the 
specificity  of  viral  attachment  and  (3)  to  confirm  that  the  change  in 
electrophoretic  migration  rate  of  a  particle  coated  vith  antigen  and  then 
reacted  vith  its  antibody*^/  is  like  the  change  observed  when  the  antibody- 
coated  particle  is  allowed  to  react  vith  antigen. 

In  our  search  for  antibody  particles  with  the  best  combination 
of  properties  for  use  in  virus  identification,  we  have  studied  the  prep¬ 
aration  and  reactivity  of  antibody- coated  (l)  latex  particles  in  the  6  - 
14  micron  size  range,  and  (2)  tanned  sheep  red  blood  cells  (BBC).  In 
these  studies  the  particles  were  coated  with  antipolioglobulin  and  they 
were  allowed  to  react  vith  poliovirus. 


2.  Antibody-Coated  Latex  Particles 
a.  Materials  and  methods: 

(l)  Apparatus :  Electrophoretic  migration  rates  were  made 
in  a  cell  electrophoresis  apparatus*1/  (see  Fig.  6).  Silver/sllver  chlor¬ 
ide  electrodes  located  190  mm.  apart  were  employed  along  with  an  applied 
voltage  of  120  v.  The  electrophoresis  chamber  was  enclosed  in  a  lucite 
box  through  which  water  at  30*C  was  circulated  continuously  The  DC 
power  supply  was  connected  to  a  reversing  switch  which  permitted  reversal 
of  the  polarity  of  the  cell  between  each  of  the  measurements.  A  reticule 
in  the  microscope  eyepiece  made  it  possible  to  time  the  movement  of  the 
particles  over  a  0.10  mm.  course.  The  electrophoresis  cell  was  0.4094  mm. 
in  average  thickness,  and  all  measurements  were  made  in  the  middle  of  the 
chamber  so  as  to  minimize  the  interactions  of  the  charged  paxticleo  vith 
the  Interior  surfaces  of  the  vessel.  The  migration  rates  were  calculated 
on  the  basis  of  the  following  formula: 

-  electrophoretic  mobility  in  mlcrons/sec/v/cm 
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Where  4  ■  distance  the  particle  travels  in  microns 

S  ■  distance  batmen  electrodes  in  centimeters 

t  ■  time  for  migration  in  seconds 

V  *  total  voltage  applied 

The  antipoliovirus  purified  Y-globulin  was  prepared  in  this 
laboratory  by  multiple  injection  of  rabbits  with  poliovirus  type  2  over  a 
period  of  four  weeks,  followed  by  an  application  of  the  ammonium  sulfate 
precipitation  technique  for  the  preparation  of  the  purified  globulin. 
Titration  of  this  antiglobulin  showed  it  to  possess  a  potency  of  l/lOO  - 
l/lOOO  as  determined  by  virus  neutralization  tests.  Normal  rabbit  globulin 
fractionated  by  this  same  procedure  was  utilized  in  some  of  the  control 
procedures.  The  6-14  micron  styrene-divinylbenzene  copolymer  latex 
particles  were  obtained  from  the  Dow  Chemical  Company. 

(2)  Preparation  of  antibody- coated  latex  particles:  In  an 
effort  to  obtain  latex  particles  with  the  antibody  chemically  bound  to  the 
surface ,  the  surface  of  the  latex  particles  was  nitrated,  reduced,  di- 
azotized  and  coupled  with  the  appropriate  antibody  or  control  globulin. 

The  procedure  is  a  modification  o*  the  procedure  of  Gyenes  and  Sehon*2/ 
and  is  described  briefly  here. 

Two  hundred  milligrams  of  6  -  14  micron  spheres,  obtained 
by  centrifugation  of  2  ml.  of  10  percent  styrene-divinylbenzene  copolymer 
latex,  was  suspended  in  1  ml.  of  concentrated  sulfuric  acid  and  mixed 
with  0.5  ml.  of  concentrated  nitric  acid.  The  mixture  was  next  placed  in 
a  water  bath  at  57 *C  for  2  hr.  and  then  poured  onto  about  10  g.  of  ice. 

The  resulting  particles  were  washed  twice  with  water  by  centrifuging  and 
separating  the  supernatant.  The  wished  particles  were  placed  in  a  solution 
of  0.5  g.  of  sodium  hydrosulfite  in  8  ml.  of  2N  sodium  hydroxide  and  heated 
on  a  steam  bath  for  three  days.  The  resulting  latex  particles  contain  a 
layer  of  aromatic  amino  groups  on  their  surfaces.  The  particles  were  then 
washed  twice  in  water  and  added  to  4.0  ml.  of  distilled  water  to  which  six 
drops  of  concentrated  hydrochloric  acid  had  been  added.  The  suspension 
was  cooled  to  0*C  during  the  addition  of  1  ml.  of  10  percent  potassium 
nitrite  solution.  The  mixture  was  shaken  occasionally  and  kept  at  0*  for 
1  hr.  At  this  time  the  particles  were  washed  twice  with  ice  water  and 
then  used  immediately  for  the  coupling  with  the  various  protein  solutions. 
The  cold  diatotized  particles  were  now  suspended  in  10  ml.  of  cold  phos¬ 
phate  buffered  saline,  pH  7.2,  and  divided  into  two  parts.  To  5.0  ml.  of 
this  suspension  was  added  0.2  ml.  of  antipoliovirus-globulin  (1/100  - 
1/1000).  To  the  remainder  of  the  suspension  was  added  0.12  ml.  of  normal 
rabbit  serum.  Both  were  allowed  to  remain  at  5*C  with  occasional  shaking 
for  46  hr.  At  the  end  of  this  time  the  supernatant  layers  wire  tested  fbr 
the  presence  of  exoess  protein  and  the  tests  were  both  positive.  This  was 
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considered  to  be  an  indication  that  sufficient  protein  vas  present  for  re¬ 
action  with  the  diazonium  groups  on  the  surface  of  the  particles. 

In  the  procedure  of  OyenesfS/  the  entire  quantity  of  poly¬ 
styrene  was  dissolved  in  the  nitration  mixture  and  then  the  nitro  group* 
were  reduced  with  sodium  hydrosulfite.  In  his  procedure  titration  showed 
that  the  polymer  contained  on  the  average  two  amino  residues  per  five 
3tyrene  residues.  In  our  procedure  there  was  an  attempt  to  avoid  destruc¬ 
tion  of  the  spherical  shape  of  the  latex  particles.  This  meant  that  with 
our  milder  nitration  procedure  the  chemical  modifications  are  restricted 
to  the  surface  of  the  particles  and  therefore  the  weight  of  the  changed 
material  is  small  relative  to  the  mass  of  the  particles  themselves.  Evi¬ 
dence  of  the  success  in  diazotization  of  the  particles  and  their  subse¬ 
quent  coupling  with  protein  is  given  below: 

(a)  On  warming  the  diazotised  particles  to  3Q*  there 
was  some  evolution  of  gas. 

(b)  Reaction  of  the  particles  with  an  alcoholic  solu¬ 
tion  of  0-naphtbol  resulted  in  the  darkening  of  the  color  of  the  parti¬ 
cles  but  no  fluorescence.  For  comparison  benzenediazonium  chloride  was 
coupled  with  B - naphtbol  to  produce  a  similar  colored  dye;  this  also  did 
not.  fluoresce  in  the  long  wavelength  ultraviolet . 

(c)  Fluorescent  antihuman  serum  (0.1  ml.  in  S  ml.  of 
buffer)  was  reacted  with  0.1  g.  of  diazotised  particles.  Although  the 
resulting  particles  did  not  fluoresce,  the  fluorescence  of  the  buffered 
solution  fell  to  zero  thereby  indicating  the  removal  of  the  fluorescein- 
labeled  antibody  from  the  solution.  The  lack  of  fluorescence  on  the 
particles  vas  presumed  to  be  due  to  fluoresoenoe  quenching. 

b.  Experiments :  In  an  effort  to  determine  the  effect  of  polio¬ 
virus  on  the  electrophoretic  migration  rate  of  antibody-coated  latex  parti¬ 
cles,  the  experiment  shown  in  Table  14  vas  conducted.  The  latex  partioles 
in  the  saaplo  number  1  are  more  highly  charged  as  a  result  of  the  amino 
groups  on  their  surfaces  and  they  migrate  at  a  rapid  rat*,  trample* 

2  and  4  show  the  reduoed  migration  rates  caused  by  the  coupling  of  the  di- 
asotised  amino  groups  with  globulins;  the  observed  electrophoretic  migra¬ 
tion  of  3.021  aierons/sec/v/em  for  the  particles  coated  with  antipolio¬ 
virus  2  and  2.977  for  the  particles  coated  with  the  normal  rabbit  serum  are 
nearly  identical.  The  incubation  of  samples  2  and  4  with  tissue  culture 
medium  prior  to  the  measurements  vas  to  oompansata  for  the  presence  of  tis¬ 
sue  culture  medium  in  which  the  poliovirus  vas  suspended  (samples  3  and  5). 
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The  use  of  normal  rabbit  serum  in  samples  4  and  5  was  designed  to  answer 
the  question  of  whether  the  viral  neutralization  reaction  was  specific  for 
its  homologous  antibody.  Sample  6  was  intended  to  show  the  stability  of 
the  ant ibody- coated  particles  at  37 *C  in  the  medium  used  for  the  electro¬ 
phoresis  experiment. 

c.  Conclusions  and  recommendations :  In  the  particle  electro¬ 
phoresis  experiments  reported  above  we  described  our  preparation  of  poly- 
aminostyrene-coated  latex  particles  in  the  6  -  14  p  size  range  and  a  pro¬ 
cedure  for  coating  them  with  viral  antibody.  Experiments  on  the  identifi¬ 
cation  of  antigens  with  these  particles  indicated  that  (l)  there  was  not 
enough  antibody  on  the  surface  of  the  plastic  particles  to  make  them  re¬ 
sponsive  to  viral  antigen,  (2)  the  widespread  differences  in  the  particle 
size  and  electrophoretic  mobilities  caused  inaccuracies  in  the  migration 
rate  data,  and  (3)  there  was  difficulty  in  keeping  the  particles  in  the 
microscope's  field  of  view  because  of  their  high  density  as  compared  to 
a  buffered  10  percent  sugar  solution  used  as  the  suspending  medium. 

However,  when  about  four  poliovirus  particles  are  added  to  one 
antipoliovirus-coated  latex  particle  there  is  an  easily  detectable 
reduction  in  migration  rate  of  that  latex  particle.  However,  the  reaction 
of  the  normal  rabbit  serum-coated  latex  particles  with  the  same  ratio  of 
poliovirus  particles  produced  the  same  reduction  in  migration  rata.  This 
indicates  that  the  action  of  the  poliovirus  on  the  latex  particle  may  be 
non-specific. 

The  drop  in  migration  rate  for  the  antibody  particles  incubated 
with  the  sucrose  phosphate  buffer  (sample  6)  is  not  understood,  but  may  be 
due  to  the  presence  of  unreacted  diazonium  chloride  groups  on  the  surface 
of  these  particles  which  are  destroyed  on  warning. 

On  the  basis  of  these  experiments  it  is  not  possible  for  us  to 
recommend  the  particle  electrophoresis  approach  for  the  rapid  detection 
of  a  relatively  few  virus  particles.  The  observation  that  particles 
coated  with  normal  rabbit  serum  reacted  to  poliovirus  in  the  seas  manner 
and  to  the  same  degree  as  particles  coated  with  antipoliovirus  serum  is 
disturbing  but  may  not  present  insurmountable  difficulties.  In  the  first 
place  we  are  not  absolutely  sure  that  there  was  any  antibody  on  the  surface 
of  the  particles  which  were  used  in  the  experiment.  In  the  second  place, 
it  may  be  possible  to  desensitise  the  particles  with  tissue  culture  fluid 
or  other  material  prior  to  the  treatment  with  the  virus.  Desensitisation 
procedures  are  used  routinely  for  the  preparation  of  the  sensitised  parti¬ 
cles  for  use  in  the  latex  fixation  tests. 48/ 


a.  jfaterlals  and  methods;  Zn  the  present  extension  of  the 
particle  electrophoresis  study  ve  have  investigated  the  sensitization  of 
formalin-fixed ,  tanned  sheep  erythrocytes  with  both  non-viral  and  viral 
antibodies,  and  ve  have  investigated  the  possibility  of  using  the  electro¬ 
phoretic  Mobilities  of  these  sensitized  particles  as  a  naans  for  identifi¬ 
cation  of  non-viral  and  viral  antigens.  Procedures  for  coating  tanned  KBC 
with  antibody  have  been  reported  by  a  number  of  authors 

Formalin-fixed  sheep  erythrocytes  vere  obtained  from  Difco 
Laboratories  under  the  name  of  Bacto  Formocells.  These  vere  then  tanned 
with  1:2000  tannic  acid  and  reacted  vith  the  appropriate  antiserum  or 
purified  Y -globulin  from  immune  animals  by  the  procedure  suggested  by 
Difco  Laboratories. 

Frog  yolk  protein  (FYP)  and  anti-PYP  antiserum  (rabbit)  vere 
prepared  by  Dr.  Single  on  another  research  study,  and  the  former  vas  dis¬ 
solved  in  0.8  molar  sodium  chloride  solution  prior  to  its  use  in  the  re¬ 
action  vith  cells  vhich  had  been  sensitized  vith  the  anti-FTP. 

The  preparation  of  poliovirus  2,  poliovirus  2  immune  rabbit  sense 
and  sinnlum  sulfate-precipitated  antipoliovirus  2  Y  -globulin  vere  described 
in  an  earlier  report.!/  The  preparation  and  assay  of  Semliki  Forest  Virus 
(SFV)  and  anti-SFV  serum  vere  described  earlier  in  this  report. 

Purified  antihuman  Y -globulin,  Psntex  Brand,  vas  obtained  from 
Oallard-Schle singer  Chemical  Manufacturing  Company.  Fraction  II  purified 
human  plasma  Y -globulin  vas  obtained  from  Cutter  Laboratories. 

The  apparatus  employed  for  making  the  electrophoresis  measure¬ 
ments  vas  described  above.  All  measurements  vere  made  at  30*C  vith  120  v. 
applied  betveen  the  tvo  silver/s  liver  chloride  electrodes.  The  current 
flowing  in  the  system  vas  checked  for  each  sample  introduced  into  the  ap¬ 
paratus  to  make  certain  that  there  vere  no  hidden  air  bubbles  in  the  sys¬ 
tem;  the  current  ranged  from  0.40  to  0.45  ma.  Phosphate  buffer  (0.02  M) 
containing  68  g.  of  sucrose  per  liter  vas  employed  because  it  restricted 
the  current  flow  to  levels  where  heating  effects  vere  not  a  problem  and 
because  the  specific  gravity  vas  high  enough  to  retard  the  settling  out  of 
the  ItBC .  The  polarity  of  the  applied  direct  durreat  vas  reversed  after 
each  measurement  of  migration  time.  Bach  rate  calculation  given  in  the 
tablet  represents  data  from  at  least  40  migration  time  measurements. 


After  run*  with  lire  virus  the  apparatus  vu  filled  with  10  par* 
cent  formalin  and  allowed  to  stand  overnight  before  q leaning  with  warn 
Alconox  solution. 

b.  Ixpsriaental  results:  In  tbs  first  of  the  current  sarins 
of  experiments  with  the  particle  electrophoresis  method  for  identification 
of  antigens,  a  study  was  conducted  in  which  antifrog  polk  protein  serum 
sensitised  BBC  were  compared  for  their  electrophoretic  migration  rates 
with  those  uhich  bare  also  been  incubated  with  frog  polk  protein  solution. 
As  may  be  seen  from  Table  15,  Samples  I  and  n,  the  "Immune"  reaction 
of  the  anti-ITP  with  the  IT?  bed  an  insignificant  affect  on  the  migration 
rate. 


In  order  to  determine  the  possible  effect  of  FTP  on  the  nlgrt- 
tlon  of  BBC  sensitised  with  non- homologous  antisera,  BBC  which  bed  been 
sensitised  with  antihuman  sense  (rabbit)  —  not  antihuman  Y -globulins 
described  in  later  experiments  —  were  tested  alone,  in  the  presenoe  of 
FTP  end  also  in  the  presence  of  human  serum  (Samples  HI,  IF  end  V). 

The  FTP  had  e  greeter  effect  on  the  migration  rate  of  the  ant  Unseen  aensi- 
tised  cells  (Saaple  IF)  than  on  the  calls  sensitised  with  the  homologous 
antiserum  (Sample  n).  From  this  we  concluded  that  the  minor  changes  la 
migration  rate  observed  in  this  experiment  are  not  due  to  specific  im¬ 
mune  reactions. 

The  variability  of  the  results  obtained  in  this  first  experiment 
euggeeted  that  no  antibody  may  hare  beooae  attached  to  the  aurfeee  of  the 
tanned  BBC  during  the  sensitisation  procedure.  To  determine  if  the  amti- 
polio virus  8  Y -globulin  sensitised  cells  really  possessed  a  layer  of  anti¬ 
body  on  their  aurfaoes,  they  were  tested  on  a  spot  plate  with  poliovirus 
8,  but  they  did  not  agglutinate.  This  result  wee  not  altogether . unexpected 
since  agglutination  of  antibody  sensitised  BBC  bee  been  reported  to  be  mesh 
more  difficult  then  the  agglutinetloe  of  antigen  sensitised  BC;  Richter 
at  al.  [have  reported  that  sensitisation  of  WC  with  Y-globulin  fractions 
of  ant  leers  gave  cells  which  would  not  agglutinate  on  the  addition  of 
cither  snail  or  large  quantities  of  emtlma.dd/ 

An  alternative  test  was  oondnetad  to  Attendee  if  jg  of  the 
sensitising  globulins  had  become  attached  to  the  eurfhee  of  the  sells 
during  the  tannic  acid  sensitisation  prose  Sure.  Sines  both  the  anti- 
fasmen  V -globulin  end  the  emtlgollovlrme  8  Y-globulin  used  for  WC  sensi¬ 
tisation  were  of  rabbit  origin,  they  were  known  to  coots ia  cornel  rabbit 
globalise  (antigen) 

tUnd  with  these  meter  lain  with  emtirabblt  serum  of  goat  origin  wee  there- 
text  expected  to  aMlnUiata  the  eelle  (fdbln  IS).  The  positive  egglsti- 
nation  react  ions  obtained  eetebliahed  the  preeemee  of  nbblt  globulins  cm 
the  surface  of  the  sensitised  os  lie;  hopefully  seme  of  thoeo  were  the  de¬ 
sired  amtlgiobulinc  which  would  be  detectable  by  aloctropboretlc  methods. 
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TABU  16 


HEMMOLOTIHATIOB  OF  SP8XTI2P  BBC  SBOWIBQ  THAT 
ADDITION  OF  RABBIT  SEBUM  COjgggjgTS  OCCOgHKD 

pobiso  ia  sbbiuzatiob  prouss 


Difco  Bacto- 

Source 

Cone. 

of  Antirabbit 

Formo cells 

of 

Sena  (Goat)  Added 

Sensitised  With: 

Globulin 

1:1 

1:10 

1:100  1:1000 

I 

Antihusnn 

Y -Globulin 

Babbit 

+-M- 

■M-M- 

n 

Antipolio virus  2 

Y -Globulin 

Babbit 

+♦ 

++  t 

In  a  third  experiment  tha  formal  in-fised,  tannad  sheep  erythro¬ 
cytes  vara  aanalticad  with  a  par  If  lad  Y-globulln  fraction  from  anti human 
sarum  of  rabbit  origin.  We  had  raaaonad  that  l—nni  tarn a  oontalna  aa 
much  aa  65  paroant  of  albualna  and  other  non-antibody  aatarlala ,  and  that 
tha  usa  of  a  purer  antibody  to  aanaltisa  tha  BBC  would  lacraaae  our  ehanoaa 
of  obtaining  a  change  In  migration  rata  on  tha  addition  of  antigen.  Aa 
■ay  be  aaan  In  Table  17,  sample  palra  I  and  II  and  also  HI  and  IV,  tha 
addition  of  antigen  produces  an  eaally  observed  drop  la  migration  rata 
of  the  sensitised  particles.  V  shove  tha  migration  rata  of  tha  un- 

eensltlsed  and  untreated  formalin  fined  and  tannad  BBC  and  Beagle  VI  shove 
the  affect  of  the  purified  Y-globulln  on  .^a  migration  of  tbs  un sensitised 
but  tanned  cells i  In  this  latter  case  ineUbation  of  the  tanned  oells  with 
the  Y -globulin  probably  produced  entlgan-ssasltlsad  sells  with  the  migra¬ 
tion  rate  shewn. 

Bines  vs  had  demonstrated  that  antl-HQO  sensitised  sells  gave  a 
lowered  migration  rate  when  they  wars  sootacted  with  the  homologous  anti¬ 
gen,  it  became  important  to  learn  hov  the  Quantity  of  antigen  affected 
this  response.  As  nay  be  seen  in  Table  IB  anti-SB  sensitised  WbC  were 
challenged  with  various  dilutions  of  BBS.  Zt  wss  not  possible  to  oileo- 
lste  the  eguivalenos  of  the  reaotants  sines  ws  had  no  information  on  tha 
quantity  of  antibody  on  tbs  surface  of  the  sensitised  BBC.  Zt  will  bo 
•son  that  tha  0.1  paroant  solution  (aaa  Bangle  it)1  contained  euffloient 
antigen  to  reaot  with  the  antibody,  on  the  soils,  sines  the  addition  of  o 
tenfold  enoosa  of  antigen  (Bangle  1)  jams  no  further  decrease  in  mobility 
rates.  The  possibility  that  "antigen  aassss,”  a  situation  which  prevents 
soma  precipitin  reaot  Iona,  nay  ba  redne4m  tbs  inn  wit  of  tbs  offset  by 
solubilising  antibody  on  tbs  particle  surfaces  is  of  Interest  from  an 
aoadntio  viewpoint. 


TABLE  17 


Substance  "rsed  to 
Sensitize  the* 


Treatment  of 


I 

Anfci-»X; 

None 

3.93 

4.03 

n 

Antl-B3G 

Fraction  II  *CG 

10.39 

1.53 

m*** 

Anti-HGG 

None 

3.98 

4.01 

XV*#* 

Anti-HGG 

Fraction  II  WG 

7.64 

2.07 

V 

None 

None 

4.18 

3.78 

VI 

None 

Fraction  II  ICG 

6.02 

2.63 

# 

Difco  Bacto-Formocells  were  tanned  and  reacted  with  the  purified  globulin 

shown. 

«* 

The  cells  were  incubated  with  the  globulin  or  buffer  for  1  hr.  at  30 *C. 

*e* 

Samples  Nos.  Ill  and  IV  represent  an  attempt  to  reproduce  the  results 

obtained  in  the  earlier 

cmeriments  I  and  II 

• 

TABLE  18 

GA’*HA  GLOBULIN  (ICG)  ON  THE 


MOBILITY  OF  ANTI-HGG  SENSITIZED 


PI 


.00 


0.0001 


7.344 


*  In  each  case,  0.9  ml.  of  the  purified  HOG  fraction  n  solutions  was 
mixed  with  0.2  ml.  of  a  0.1  percent  suspension  of  anti -ICG  sensitized 
sheep  RBC  and  incubated  for  2  hr.  at  37*. 


The  effect  of  poliovirus  2  on  the  electrophoretic  mobility  of 
antipolio  virus  2  Y-globulin  sensitised  red  blood  cells  is  presented  in  Table 
IS  (p.76).  Trials  1  and  2  were  conducted  so  that  it  would  be  possible  to 
avoid  any  antigen  excess  and  to  gain  sons  idea  about  the  m»ber§  of  virus 
particles  which  would  be  required  to  produce  a  aeasurable  change  In  ai- 
gratlon  rates.  Use  of  sore  than  10  viable  particles  per  BBC  ware  not  in¬ 
vestigated  since  it  was  apparent  that  larger  Multiplicities  of  virus  'parti¬ 
cles  would  not  be  available  in  the  identification  of  100  particles.  Lower 
concentrations  of  virus  particles  were  chosen  partly  because  there  aay  be 
a  number  of  non- viable  but  antigen! cal ly  active  particles  for  each  viable 
virus  particle  present.  The  results  of  the  two  trials  seem  to  show  that 
poliovirus  2  cannot  be  identified  in  this  aanner. 

The  effect  of  Semliki  Forest  Virus  on  the  electrophoretic  mo¬ 
bility  of  anti-SFV  serum  sensitized  red  blood  cells  is  presented  in 
Taole  20.  Viral  multiplicities  of  0.05  to  50.0  per  KBC  were  Investigated, 
and  the  resulting  slight  changes  in  migration  rates  are  too  small  and  er¬ 
ratic  to  form  the  basis  of  an  identification  based  upon  this  procedure. 


TABID  20 

EFFECT  OF  SEMLIKI  FOREST  VIRUS  (SFV)  ON  THE  BIECTROIHOKEIIC 
MIGRATION  OF  ANTI -SFV  SERUM  SENSITIZED  KBC 

Treatment  Given  to  No.  of  Virus  Migration _ 

Anti-SFV  Serum  Particles  Time  Rate 

Sample  Sensitized  Sheep  HBC*  per  RBC  (sec.)  (u/scc/v/cm) 


I 

1.8  x  10®  SFV 

50.0 

4.27 

3.71 

II 

1.8  x  107  SFV 

5.0 

5.90 

4.06 

III 

1.8  x  10®  SFV 

0.5 

5.71 

4.27 

IV 

1.8  x  10®  SFV 

0.05 

4,10 

3.85 

V 

0.02  M  Phosphate  buffer, 
pH  7.2  +  0.2  M  sucrose 

None 

5.82 

4.14 

*  A  suspension  containing  about  6  x  10®  anti-SFV  scrum  sensitized  tanned 
sheep  RBC  was  incubated  for  1  hr.  at  5?*C  with  the  quantity  of  virus 
shown. 
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Anti -poiiorirua-2 

Ko.  of  Virus 

Migration 

Ganna  Globulin 
9an*lti>ad  Call** 

Particles 
par  RSC 

Tina 

(sac.) 

Rata 

(u/eec/v/cm) 

filalJM 

X-X 

0.02  K  Phosphite  buffer 
♦  0.2  N  aucroae 

Kona 

4.26 

3.72 

i-n 

Tlsaua  culture  fluid 
(uaed  Medium  199) 

Kona 

4.22 

5.75 

i-m 

10*  PoliOTirua-2 

0.000075 

4.06 

5.90 

X-IV 

105  Poliorirua-2 

0.00075 

4.12 

5.64 

I-V 

106  Poliorirua-2 

0.0075 

4.16 

5.61 

I-VI 

107  PoUovirua-2 

0.075 

4.96 

5.16 

Trial  2 

n-x 

107  Foil ovi rue-2 

2.0 

5.60 

4.40 

n-n 

107  Pcliovirue-2 

10.0 

5.55 

4.72 

n-m 

Tlsaua  culture  fluid 
(used  Medium  199) 

Kona 

5.52 

4.50 

K-IV 

0.02  M  Phosphate  buffer 

Ron* 

5.16 

4.96 

♦  0.2  N  sucres# 


*  Incubation  mi  dona  at  57*  for  2  hr. 

**  Trial*  I  and  II  vara  dona  at  different  tlnaa  and  am  not  coaplataly 
cos^arebla. 


c.  Discussion:  The  objective  of  this  study  ms  to  determine  if 
virus  could  be  identified  by  measurement  of  their  effect  on  the  electro¬ 
phoretic  mobility  of  antibody  sensitized  KBC.  Rather  than  limit  our  virus 
sample  size  to  100  particles  for  these  studies,  we  elected  to  use  larger 
quantities  and  to  determine  the  approximate  sensitivity  of  the  method  by 
controlling  the  ratio  of  virus  particles  to  the  sensitized  RBC.  Use  of 
the  larger  quantities  permitted  us  to  employ  the  particle  electrophoresis 
apparatus  which  was  already  on  hand,  rather  than  build  a  micro  AC  particle 
electrophoresis  apparatus  as  we  had  suggested  earlier. 

As  mentioned  above,  the  sensitization  of  the  RBC  with  the  non- 
viral  and  viral  antibodies  posed  some  problems.  The  two  primary  methods 
under  consideration  were  (l)  the  use  of  the  "reversed  BIS  technique*7/  in 
which  bis(diazotized  benzidine)  was  coupled  first  to  the  KBC  and  then  to 
the  antibody,  and  (2)  the  tannic  acid  technique.*®/  In  view  of  the  proof 
that  globulins  were  attached  to  the  RBC  during  the  sensitization  reaction 
(cf.  Table  16), we  used  this  method  exclusively  for  the  sensitization  of 
the  cells.  Recently  available  information  about  the  possible  dissociation 
of  Y-globulin  suggests  that  several  molecular  species  are  important  in  the 
immune  reaction:*®/  one  might  therefore  presume  that  a  whole  antiserum 
would  be  better  for  sensitization  of  cells  than  highly  purified  materials. 
However,  the  failure  of  the  particle  electrophoresis  method  to  identify  RBC 
which  had  been  sensitized  with  whole  antisera  and  the  success  in  identifi¬ 
cation  of  cells  sensitized  with  purified  antiglobulins,  leads  us  to  believe 
that  a  further  improvement  in  sensitized  cell  sensitivity  might  be  achieved 
by  the  use  of  purified  antibody  for  the  sensitization  of  the  cells.  This 
view  is  further  substantiated  by  the  observation  of  M.  Richter  et  al. ,*£/ 
that  unless  RBC  are  sensitized  with  purified  antibodies,  they  will  not 
agglutinate  on  the  addition  of  homologous  antigen.  It  is  unfortunate  that 
time  did  not  permit  the  production  of  the  purified  Semlikl  Forest  Virus  and 
poliovirus  3  antibodies  for  use  in  RBC  sensitization  and  particle  electro¬ 
phoresis  studies. 

d.  Conclusions:  The  present  study  has  shown  that  it  is  possible 
to  identify  some  non -viral  antigens  quickly  by  means  of  the  particle  elec¬ 
trophoresis  method  provided  the  SBC  have  been  sensitised  with  the  i  ‘if led 
antiglobulins  Instead  of  with  the  whole  antisera.  Viruses  have  not  yet  been 
identified  by  this  method  possibly  because  the  sensitised  RBC  <Md  not 
possess  a  sufficient  quantity  of  antibody.  Further  experimental  .ton  on 

the  identification  of  virus  with  RBC  sensitized  with  purif led  antibodies 
of  virus  would  be  cf  e  great  deal  of  scientific  interest  but  would  prob¬ 
ably  not  change  our  present  view  that  the  particle  electrophoresis 
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method  wing  antibody  coated  tanned  BBC  for  the  identification  of  virus 
la  not  aery  promising.  On  the  other  hand,  use  of  antigen-coated  particles 
tot  the  detection  of  antibodies  appears  more  promising  than  the  reverse, 
and  my  be  worthy  of  further  study. 


D.  Hydrogen  Overvoltage 


1.  Introduction 

In  an  earlier  study!/  we  had  suggested  that  it  might  be  possible 
to  coat  a  platinum  /electrode  with  antibody  and  then  to  determine  the 
change  in  hydrogen  overvoltage  which  occurs  when  an  antigen  is  brought 
into  contact  with  that  coated  electrode.  This  procedure,  if  successful, 
would  provide  a  direct  electrical  measure  of  the  immune  reaction  and  would 
therefore  be  an  important  technique  which  might  be  applied  to  viral  identi¬ 
fication.  The  initial  idea  on  the  use  of  hydrogen  overvoltage  measure¬ 
ments  resulted  from  the  observations  of  Juda  et  al .!§/  that  (l)  1O-0 
eq/liter  of  egg  albumin  produced  hydrogen  overvoltage  measurements  of 
sibout  250  mv.  greater  than  that  of  the  solution  without  the  albumin  and 
that  (2)  experiments  with  various  substances  indicated  that  larger  mole¬ 
cules  produced  the  greater  overvoltages.  A  few  very  preliminary  experi¬ 
ments  were  conducted  with  this  approach  and  they  are  referred  to  briefly 
in  our  Final  Report .}J  At  that  time  we  ventured  the  opinion  that  this  ap¬ 
proach  did  not  appear  too  promising  due  to  the  non-specific  nature  of  the 
electrode -poisoning  phenomena. 

More  recently  we  have  talked  with  Dr.  David  N.  Kramer  of  the 
Kdgevood  Arsenal  Research  Laboratories,  and  have  learned  from  his  personal 
experience  with  the  hydrogen  overvoltage  procedure  of  several  modifications 
which  might  increase  our  chance  for  success  in  the  detection  of  the  immune 
reaction  by  this  technique .  One  of  his  important  suggestions  was  that  the 
protein  should  be  attached  to  the  platinised  electrode  by  electrodeposition 
prior  to  the  overvoltage  measurements.  In  order  to  avoid  the  possibility 
of  overlooking  a  good  method  for  the  monitoring  of  the  immune  reaction  by 
electrical  methods,  we  have  reconsidered  the  matter  and  are  presenting  a 
description  of  our  experiments,  the  reeults  obtained,  and  a  re-evaluation 
of  the  procedure  for  virus  identification. 
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2.  Materials  and  Method* 


The  apparatus  employed  for  these  overvoltage  studies  is  show 
in  Fig.  7.  Two  electrode  chaabers  were  employed  in  an  effort  to  avoid 
possible  contamination  of  the  reference  electrode .  Ixperienoe  with  the 
method  showed  that  it  was  necessary  to  pass  a  stream  of  hydrogen  gas  over 
the  working  cathode  as  well  as  over  the  reference  electrode  in  order  to 
obtain  stable  overvoltage  measurements.  Although  Jtoda  et  el used 
both  static  and  flowing  systems,  they  did  not  describe  the  construction  or 
operation  of  their  equipment;  we  found  that  more  reproducible  data  mere 
obtained  when  a  magnetic  stirrer  was  used  in  the  working  electrode  chamber. 

The  liquid  medium  used  for  these  experiments  oonsistei  either  of 
0.1  M  veronal  buffered  saline  (VBS),  pH  7.5,  or  0.1  V  sulfuric  acid,  pB  1.8. 
The  former  was  selected  because  it  is  excellent  for  obtaining  the  precipitin 
reaction .50/  The  sulfuric  acid  was  used  because  it  is  the  solution  previously 
employed  when  the  high  sensitivity  to  large  molecules  containing  nitrogen 
was  observed.*9/ 

Three  platinized  platinum  electrodes  were  employed  in  this  study. 
They  were  made  from  IB  gauge  platinum  wire  and  had  an  area  of  approximately 
1  cm?  each.  They  were  platinised  by  placing  them  in  a  solution  containing 
3  percent  chloroplatinic  acid  and  0.05  pareent  lead  acetate  end  then  apply¬ 
ing  1-1/2  v.  of  alternating  polarity  between  them  until  they  were  lightly 
coated  with  a  gray  deposit  of  platinum. 

In  order  to  scan  the  effect  of  various  currant  dsnaitles  at  tha 
working  electrode  on  the  over-potential,  the  applied  voltage  was  increased 
from  0  -  3  v.  over  a  period  of  2-l/S  min.  by  means  of  a  4  rpm  gsar  reduc¬ 
tion  motor  which  drove  a  10- turn,  1,000  ohm  Hslipot  potent ioma tar. 

The  difference  in  potential  batween  tha  reference  electrode  and 
the  working  cathode  waa  determined  with  a  Leeds  and  Morthrup  Model  7401  pH 
meter  set  to  measure  0  -  1,400  mv.  and  to  fled  tha  Y-axis  of  an  llectro 
Instruments,  Inc.,  XT-IUeordtr  Model  580.  She  current  from  the  working 
electrodes  was  fad  through  a  nilliammstar  and  either  a  10,100  or  1,000  ohm 
shunt  which  was  selected  on  the  basis  of  current  density  rangs  desired  and 
the  conductivities  of  tbs  solutions.  Tbs  mill 1  ammeter  was  used  to  cali¬ 
brate  the  currents  flowing  to  tbs  X-axis  of  ths  recorder. 

The  electrodes  were  cleaned  between  experiments  by  washing  in 
0.1  N  sulfuric  acid  followed  by  passage  of  mors  than  800  na.  between  elec¬ 
trodes  with  frequent  reversal  of  polarity.  Following  this,  ths  electrodes 
were  washed  in  distilled  water.  Ho  test  was  developed  to  show  that  the 
electrodes  treated  in  this  nannsr  were  free  of  protein  non  teal  nation. 
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3.  Experimental  Results 


One  experiment  conducted  at  a  pH  of  7.5  using  veronal  buffered 
saline  (VBS)  as  the  solution  for  the  working  electrode,  the  agar  bridge 
and  the  hydrogen  reference  electrode,  is  presented  in  Fig.  6.  Examination 
of  the  legend  will  show  that  there  are  three  overvoltage  curves  obtained 
by  gradually  increasing  the  current  applied  to  the  working  electrodes 
and  measuring  the  difference  in  potential  between  the  reference  hydrogen 
electrode  and  the  working  electrode  at  which  hydrogen  is  evolved.  Curve 
I  represents  a  scan  of  the  overvoltage  when  only  VBS  is  present.  Curve  II 
represents  the  overpotential  obtained  when  0.1  ml.  of  antihuman  serum 
albumin  was  added  to  the  25  ml.  of  VBS  in  the  working  electrode  chamber. 
Curve  III  represents  the  overvoltage  measurement  obtained  when  0.1  ml. 
of  1  percent  human  serum  albumin  was  added  to  the  solution  used  for  making 
Curve  II.  Under  these  conditions  this  system  responded  to  neither  the 
presence  of  protein  nor  to  the  immune  reaction  which  should  have  taken 
place  under  these  conditions. 

The  next  experiment  was  similar  to  the  last  except  that  the 
measurements  were  made  using  25  ml.  of  0.1  N  HgSO^  at  a  pH  of  1.8.  As  may 
be  seen  from  Fig.  9,  Curve  I  is  the  operpotential  curve  obtained  for  sul¬ 
furic  acid  alone.  Prior  to  making  Curve  II,  0.5  ml.  of  antihuman  serum 
albumin  was  added  to  the  working  electrode  chamber  and  an  effort  to  elec¬ 
troplate  the  platinized  platinum  electrode  with  the  antibody  by  passage 
of  an  electric  current  through  the  solution  for  5  min.  was  made;  it  was 
assumed  that  in  the  acid  solution  the  amphoteric  Y-globulina  would  mi¬ 
grate  to  the  cathode  and  be  deposited  upon  it;  Curve  II  was  obtained  with 
the  "antibody  plated"  platinum  electrode.  After  making  this  curve  0.5  ml. 
of  a  1  percent  solution  of  human  serum  albumin  (HSA)  was  added  to  the  solu¬ 
tion  remaining  in  the  working  electrode  chamber  and  the  overvoltage  was 
then  measured  again,  Curve  III.  In  spite  of  the  observed  increases  in 
overvoltage,  it  is  doubtful  that  an  antigen-antibody  reaction  occurred 
under  the  conditions  of  this  experiment.  Kabat  et  al .50/  have  reported 
that  the  precipitin  reactions  are  known  to  occur  in  the  range  of  pH  7.5 
to  4.6  and  immune  complexes  are  known  to  dissociate  at  lower  pH  .31/  It 
is  more  likely  that  each  of  the  two  additions  of  protein  to  the  working 
electrode  solutions  caused  an  increase  in  the  overvoltage. 
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4.  Conclusions 

Am  present  study  h«f  confined  the  observation  that  hydrogen 
overvoltage  aeasureaents  offer  a  sensitive  method  for  the  detection  of 
tils  presence  of  low  concentrations  of  protein.  Although  the  ultimate  sen¬ 
sitivity  of  the  aethod  for  detection  of  globulins  was  not  established,  no 
difficulty  was  encountered  in  detecting  0.5  ag.  of  protein  in  25  ml.  of  0.1 
•ulftoric  acid.  Hydrogen  overvoltage  experiaents  conducted  at  pH  7.5  were 
unable  to  detect  either  the  presence  of  protein  or  the  antigen- antibody 
reaction.  We  are  not  sure  that  additional  effort  to  apply  this  aethod  to 
the  detection  viral  antigen  is  justified  at  this  time.  However,  it  would 
be  very  interesting  to  determine  if  there  is  a  pH  intermediate  between 
7.5  and  1.8  where  the  antigen-antibody  reaction  will  occur  and  where  the 
protein  end/or  antigen- antibody  reaction  can  be  detected  by  the  hydrogen 
overvoltage  method. 


8.  I—unndlffus  ion 


1.  Introduction 

Since  the  early  work  of  OudlnSZ/  end  Ochterloay.55/  the  immuno¬ 
diffusion  techniques  for  evaluating  antigen -antibody  reactions  have  been 
applied  to  an  ever- increasing  number  of  systems.  R ingle  and  Herndon  (from 
Midwest  £e search  Institute)  developed  a  method  for  the  immunological  analysis 
of  microliter  and  sub  micro liter  volumes  of  reactants.5*/  During  our  earlier 
work55/ three  antigen -antibody  systems  were  investigated  by  sich  a  double 
diffusion  procedure.  Ho  precipitin  bends  were  observed  when  poliovirus  2 
was  reacted  with  antiserum  to  poliovirus  2.  With  the  Southern  Been  Mosaic 
Virus  one  bend  appeared  when  it  was  reacted  with  its  antiserum.  Also, 
two  precipitin  bands  were  formed  in  double  diffusion  tests  between  Sf-10 
phage  of  B.  sub till a.  and  an  antiserum  prepared  against  the  SR- 10  phage. 

It  wee  concluded  that  for  acme  viruses  no  precipitin  bands  at  all  were  ob¬ 
tained  end  for  others  the  methods  were  at  best  capable  of  detecting  10*  or 
105  viral  particles.  So  additional  work  was  conducted  then  even  though  we 
speculated  that  the  use  of  fluorescent  antibody  might  improve  the  possi¬ 
bility  of  detecting  small  quantities  of  virus. 

Several  potential  advantages  of  micro immunodiffusion  tests  are 
worthy  of  mention:  (l)  The  procedure  may  be  done  rapidly  (R ingle  and 
Herndon5*/  obtained  precipitin  bands  in  a  matter  of  hours ).  (2)  Ibis 

antigen-antibody  reaction  may  be  done  with  non- viable  material;  therefor* , 
disrupted  end  non-living  materiel  as  well  as  viable  cultures  can  be  used 
for  1  an nn logical  analysis.  (3)  The  method  offers  the  specificity  so  es¬ 
sential  to  an  identification  system. 
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In  our  attempts  to  develop  an  in  vitro  phagocytic  method  employ* 
ing  sensitised  UBC  for  the  identification  of  virus,  we  encountered  a  maber 
ol  problems  which  were  insurmountable  in  the  time  rewinlic  for  their  in* 
veatlgation  (see  earlier  section  on  Ihagocytosis  Jn  vitro),  Pollowiiqt 
consultation  with  the  sponsor,  we  resumed  our  investigation  of  mierotamo* 
diffusion  and  fluorescent-labeled  antibody  reactions  with  the  hope  that 
sufficient  sensitivity  could  be  obtained  to  permit  us  to  identify  not  100 
or  fewer,  but  104  or  fewer  viral  particles.  The  following  sections  indi¬ 
cate  the  methods,  experiments,  and  conclusions  derived  from  our  new  stud¬ 
ies  on  immunodiffusion  for  viral  identification. 


2.  Materiel?  and  Methods 

The  antisera  and  antigens  for  these  tests  were  those  utilised  end 
obtained  fro*  the  experiments  and  animals  for  the  phagocytic  studies  de¬ 
scribed  earlier  in  the  report.  In  some  of  the  immunodiffusion  tests  these 
reagents  were  specially  treated  or  purified  and  this  will  be  described 
in  the  experimental  section. 

For  the  actual  immunodiffusion  tests,  glass  microtubes  (of  S  am. 
or  smaller  diameter)  were  utilised  for  the  reactions.  For  double  diffusion 
tests  1.0  percent  Specially  Purified  Difco  Agar  was  added  to  the  capillary 
tube  and  the  antiserum  and  antigen  added  at  opposite  ends  of  the  agar  pli*, 
care  being  taken  to  be  sure  to  prevent  air  bubbles  between  the  agar  and 
the  reagent.  After  addition  of  the  serum  and  antigen  each  end  of  the 
capillary  tube  was  sealed  and  it  was  mounted  borisontally  on  a  carrier  rack. 
For  single  diffusion  tests  3.0  percent  Specially  Purified  Difco  Agar  was 
liquefied,  cooled  to  45*C,  mimed  with  the  appropriate  amount  of  antiserum 
and  the  serum-agar  mixture  added  to  the  capillary  tubes.  After  ihs  agar 
containing  the  antiserum  had  hardened,  the  appropriate  antigen  dilution 
was  added  to  the  tube,  again  being  sure  that  no  air  bubbles  were  between 
the  agar  and  the  antigen  layer.  The  tubes  were  then  sealed  and  bandied  as 
were  the  double  diffusion  tests,  lbs  diffusion  tests  were  first  incubated 
at  3?*C,  then  placed  at  4*C.  These  periods  varied  depending  upon  the 
tests.  Observations  were  made  for  precipitin  band  development  by  a  mafcer 
methods .  These  included  macroscopic  observations,  microscopic  observa¬ 
tions,  dark  field  techniques,  "black  light"  observations  and  fluoreaoaot 
aicrosoopqr. 


5.  Experiments 

Double  diffusion  in  agar  was  tested  by  reacting  a  rabbit  abti- 
•erm  to  Semlikl  Forest  Virus  («FT)  and  8FV  which  had  been  grown  in  chick 
**ryo  tissue  cultures.  Undiluted  antiserum  was  used  and  it  was  tested 


against  aerial t«n-fol<l  fviral  dilutions;  the  highest  virus  concentration 
contained  I06  or  10 7  TCU/50.  These  tests  were  performed  in  melting  point 
capillary  tubes  with  1.8  -  1.8  sm.  I.D.  The  1.0  percent  purified  agar 
plug  was  about  9  an.  long  and  vas  added  to  the  tube  by  capillary  action. 
Undiluted  antiserun  was  added  on  one  side  of  the  plug  and  the  appropriate 
virus  dilution  on  the  other  side  of  the  plug.  The  ends  of  the  capillary 
tubas  were  sealed  with  parafilm  to  prevent  evaporation.  Incubation  was 
at  37*C  for  1-l/fi  days  and  then  in  the  refrigerator  (5*C)  for  two  weeks. 

Ho  precipitin  or  reaction  bands  were  seen  in  any  capillary  using  visual 
or  dark  field  microscopic  observation. 

Since  no  precipitin  bands  were  found  in  the  SFV  study  (cited 
above),  we  elected  to  do  our  next  diffusion  studies  with  FITC-labeled 
antisera  known  to  be  capable  of  forming  bands  In  agar.  Two  such  series  of 
reactions  were  carried  out  —  the  first  with  antirabbit  globulin  (goat 
origin)  and  the  second  with  antirabbit  globulin  (sheep  origin),  normal 
raDbit  serum  vas  used  as  the  antigen. 

In  capillary  tube  tests  using  double  diffusion  between  undiluted 
FITC-labled  globulin  (goat  origin)  and  normal  rabbit  serum  diluted  from  1  - 
10  through^  1  -  1,000,000  no  bands  were  seen  by  visual,  microscopic,  dark- 
field,  or  black  light  observation  after  overnight  incubation  at  37®C  and 
three  additional  days  at  5°C.  At  the  sare  time  and  with  the  same  reagents, 
single  diffusion  tests  were  set  up  in  capillaries.  Agar  containing  1  - 
50  FITC-labled  antirabbit  globulin  was  prepared  by  mixing  1-10  anti¬ 
globulin  with  agar  at  about  45 *C.  This  was  drawn  into  the  tube  by  capil¬ 
lary  action,  allowed  to  solidify  and  then  overlaid  with  diluted  normal 
rabbit  serum  as  antigen.  Dilutions  of  normal  rabbit  serum  from  1-10 
through  1  -  1,000,000  were  used.  No  precipitin  hands  in  the  agur  con¬ 
taining  the  antiserum  were  observed;  however,  the  interface  between  the 
agar  and  liquid  (normal  serum  dilution)  became  somewhat  hazy  yet  no  true 
precipitin  occurred.  The  antirabbit  globulin  used  in  this  test  developed 
a  fair  amount  of  insoluble  precipitate  upon  standing  and  this  may  have  ad¬ 
versely  influenced  the  test. 

With  a  good  quality  of  antirabbit  globulin  of  sheep  origin  single 
and  double  diffusion  tests  were  set  end  definite  precipitin  bands  were  ob¬ 
served.  These  tests  were  made  in  3  Dm.  (I.D.)  glass  tubing.  The  agar  plugs 
were  made  with  1  percent  purified  agar  and  were  10  -  15  am.  in  length.  For 
the  double  diffusion  tests,  undiluted  FITC-labeled  antiglobulin  was  placed 
on  one  side  of  the  plugs  and  undiluted  through  1  -  1,000,000  dilutions  of 
fresh  rabbit  serum  placed  on  the  opposite  side  of  the  agar.  The  tubes  were 
sealed,  first  with  Vaseline,! and  then  by  malted  paraffin.  For  single  dif¬ 
fusion  tests  a  15  -  16  mm.  agar  plug  of  a  l  -  4  or  1  -  10l FIT? -labeled 
antirabbit  globulin  vas  positioned  in  the  tube  and  overlaid-  with  buffered 


86 


saline  (as  a  control)  or  the  diluted  rabbit  serum  (the  antigen).  Tbs  re¬ 
actions  were  allowed  to  take  place  at  37 *C  for  lfi  hr.  and  then  at  S*C. 
Precipitin  bands  were  observed  in  both  sii^le  and  double  diffusion  teats. 

The  band  formation  was  faster  in  the  single  diffusion  tests  and  approxi¬ 
mate!?  5  hr.  after  the  test  was  started,  bands  were  observed  both  by  dif-  ,, 
fuse  light  and  with  the  fluorescent  microscope.  Undiluted,  1  -  10, 

1  -  100  and  1  -  1,000  dilutions  of  normal  rabbit  sera  produced  bands  in  this 
short  time;  however,  the  sene  of  precipitin  formation  was  only  at  the  inter¬ 
face  and  had  not  moved  into  the  agar  to  any  appreciable  degree.  When  these 
tests  had  been  incubated  for  21  hr.  at  S7*C  and  then  7  hr.  at  5*C,  bands 
had  formed  in  the  tubes  containing  more  dilute  antigen  (normal  rabbit  serum) 
and  multiple  bands  appeared  in  the  tubes.  Some  of  the  bands  had  moved  into 
the  agar  plug  containing  the  FITC-labeled  antiglobulin.  By  fluorescence 
microscopy  the  reactions  were  easy  to  read  and  the  band  formation  was 
definitely  visible  at  one  ten-fold  greater  dilution  of  antigen  than  was  vis¬ 
ible  by  the  ordinary  methods  used  for  .observing  immunodiffusion,  including 
ordinary  diffuse  light  and  dark  field  observation.  Thus,  the  fluorescent 
antibody  enhanced  the  sensitivity  of  these  immunodiffusion  tests  by  a 
factor  of  10. 

In  double  diffusion  tests  using  the  same  reagents  as  the  testa 
cited  in  the  previous  paragraph,  bands  were  observed  but  required  flour  to 
five  days  to  develop.  The  bands  were  also  easier  to  read  by  the  fluorescent 
technique;  however,  no  greater  sensitivity  was  observed. 

FITC-labeled  poliovirus  1  antiserum  was  prepared  by  a  modifica¬ 
tion  of  the  method  of  Spendlove^/  and  freed  of  unconjugated  FITC  by  two 
passages  through  a  Sephadex  G-25  column,^/  ^his  conjugated  antiserum  was 
utilized  in  single  and  double  diffusion  studies  in  1.6  -  1.6  mm.  (i.D.) 
capillary  tubes.  Undiluted  FITC-labeled  poliovirus  1  antiserum  was  tested 
by  double  diffusion  against  106  to  102  TClDgQ  of  poliovirus  1  (grown  in 
LLC-NKg  cell  line)  and  no  precipitin  bands  were  formed  following  overnight 
37 *C  incubation  and  seven  days  at  5*C.  These  reactions  were  observed  by 
fluorescent  techniques  as  well  as  by  the  usual  methods  for  observing  dif¬ 
fusion  reactions.  Single  diffusion  tests  between  the  FITC-labeled  polio¬ 
virus  1  antiserum  and  poliovirus  1  were  also  negative.  For  the  single 
diffusion  studies,  the  agar  layer  contained  a  final  dilution  of  1  -  l  of 
the  FITC-labeled  antiserum. 

In  the  double  diffusion  tests  with  antirabbit  globulin  cited 
earlier  in  this  report,  the  agar  zone  between  the  antigen  and  antibody  - 
was  10  -  15  mm.  long  and  3  mm.  in  diamater  and  four  to  flva  day*  were  re¬ 
quired  for  band  formation.  An  experiment  was  parformtd  to  dataroina  if 
tba  bands  would  form  faster  if  the  agar  com  were  shorter  and  of  smaller 
diameter.  Capillary  tubing  of  1.6  -  1.8  m.  diameter  was  ussd  and'  the 
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agar  plug*  were  only  2  me,  long.  When  FITC- labeled  antirabbit  globulin 
mod  oonaal  rabbit  serves  were  placed  on  opposite  sides  of  such  2  am.  plugs, 
the  precipitin  bands  formed  much  faster.  Within  several  hours  there  was 
suggestive  evidence  of  band  formation  and  by  24  hr,  very  good  clear-cut 
bands  were  observed  by  all  methods  of  observations.  However,  these  were 
observed  most  easily  with  the  fluorescent  microscope .  Two  distinct  bands 
were  observed  when  the  1  -  1000  dilution  of  normal  rabbit  serum  (the  anti¬ 
gen)  was  reacted  with  a  1  -  4  dilution  of  FITC-labeled  antirabbit  globulin, 
go  bands  were  observed  when  the  antigen  was  diluted  to  1  -  10,000.  These 
results  confirmed  our  belief  that  a  double  diffusion  test  with  FITC-labeled 
antisera  in  a  small  agar  plug  would  become  positive  more  quickly  than  in 
a  long  plug.  However,  the  double  diffusion  test  appears  to  be  slower  with 
fluorescein  conjugated  antiserum  than  a  double  diffusion  test  with  non' 
conjugated  antiserum.  This  is  probably  directly  related  to  the  fact  that 
the  FITC-labeled  antibody  does  not  diffuse  as  fast  an  non- conjugated  serum. 

Based  on  the  test  procedure  just  described,  additional  fluorescent 
micro imwunodif fusion  tests  were  performed  using  two  different  viral  sys¬ 
tems,  namely,  poliovirus  1  and  Semlikl  Forest  Virus.  Neither  of  these 
tests  resulted  in  a  positive  viral  identification,  further  substantiating 
our  earlier  work.  However,  details  of  these  tests  are  presented  in  the 
following  paragraphs  in  order  to  demonstrate  the  type  of  reagents  used 
and  to  illustrate  some  interesting  corollary  observations. 

FITC-labeled  poliovirus  1  antibody  was  prepared  by  a  modifica¬ 
tion  of  the  method  of  Spendlovef/  and  freed  of  unconjugated  FITC  by  two 
passages  through  a  Sephadex  G-25  column. ^6/  The  FITC-labeled  antibody  was 
then  fractionated  by  two  passages  over  a  Sephadex  G-200  (molecular  sieve) 
column.  At  each  of  these  passages  only  selected  fractions  were  pooled 
so  that  the  final  FITC-labeled  antibody  fraction  probably  contained  only 
the  1-8  antibody  component.  This  labeled  antibody  neutralized  100  TCID5Q 
of  poliovirus  1  when  diluted  1-32  and  tested  in  LLC-M^  monkey  kidney 
tissue  cultures. 

Rhodamine  isothiocyanate-labeled  purified  poliovirus  1  was  pre¬ 
pared  fox  use  in  the  immunodiffusion  and  molecular  sieve  studies.  This 
will  be  described  later  in  the  report. 

Double  diffusion  tests  were  performed  using  the  two  reagents  just 
described;  namely,  a  purified  FITC-labeled  poliovirus  1  antibody  and  a 
rhodamine  isothiocyanate -labeled  purified  poliovirus  1  antigen.  Two  dilu¬ 
tions  of  the  antibody  were  used,  1-4  and  1-40,  and  these  were  each 
tested  against  five  ten-fold  dilutions  of  the  purified  rhodamine -labeled 
virus.  These  dilutions  contained  10®  -  10®  TCID5Q  of  poliovirus  1.  Thus, 
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tubes  containing  antigen  excess  or  antibody  excess  were  used  in  the  double 
diffusion  tests.  Capillary  tubing  (1.6  -  1.6  mm.)  and  2  am.  plugs  of 
agar  were  used  for  these  tests,  thereby  giving  the  optimum  conditions  ob¬ 
served  in  the  antiglobulin-globulin  tests  described  above. 

In  these  double  diffusion  tests  with  labeled  antisera  and  labeled 
virus  no  precipitin  bands  were  observed  following  2  hr.  at  3?*C,  overnight 
at  5*C  and  two  weeks  at  5®C.  Observations  were  made  macroscopically  and 
microscopically  including  use  of  the  fluorescent  microscope  with  a  variety 
of  filters.  Thus,  even  with  reagents  with  two  different  fluorescent 
labels,  we  still  failed  to  obtain  a  positive  precipitin  band  with  polio¬ 
virus  1  and  its  antiserum. 

In  order  to  check  viral  immunodiffusion  with  the  Semliki  Forest 
Virus  system  using  a  fluorescent-labeled  antiserum,  rabbit  antiserum  was 
labeled  by  FITC  by  the  modification  of  the  method  of  Spendlove®/  and  freed 
of  non-conjugated  FITC  by  two  passages  over  Sephadex  G-25.S6/  This  anti¬ 
serum  had  been  prepared  from  rabbits  immunized  with  SFV  grown  in  chick 
embryo  tissue  culture  containing  calf  serum;  therefore,  it  contained  anti¬ 
body  to  the  calf  serum  (and  possibly  chick  embryo  tissue)  as  well  as  neutral¬ 
izing  antibody  to  SFV. 

Double  diffusion  reactions  were  set  up  using  the  FITC-labeled 
antibody  to  SFV  in  tests  against  three  different  antigens;  (l)  SFV  mouse 
brain  suspension,  (2)  SFV  from  chick  embryo  tissue  cultures,  and  (3) 
normal  calf  serum.  The  FITC-labeled  antiserum  was  equivalent  to  a  1  -  5 
dilution  of  unlabeled  antiserum  and  was  used  without  further  dilutions  in 
the  immunodiffusion  tests.  Each  of  the  three  antigens  was  tested  in  1  - 
10  through  1  -  10,000  dilutions.  The  reactions  were  carried  out  in  the 
small  1.6  -  1.8  mm.  capillary  tubes  and  the  agar  plugs  between  the  anti¬ 
body  and  antigens  were  2  mm.  in  length  thus  providing  optimum  conditions 
based  on  a  known  precipitating  system.  The  antigen-antibody  reactions  were 
allowed  to  incubate  at  37 *C  for  1/2  hr.,  observed  and  then  placed  at  5*C. 
Additional  observations  were  made  after  18  hr.  at  5*C  and  up  to  two  weeks 
at  5*C. 


In  the  reactions  between  the  SFV  antiserum  and  the  SFV  mouse 
brain  suspension  no  precipitin  bands  or  zones  were  observed;  therefore, 
the  results  for  SFV  identification  were  negative .  However,  reactions  were 
observed  between  the  SFV  antisera  and  (l)  normal  calf  serum,  and  (2)  the 
SFV  from  chick  embryo  tissue  cultures.  ¥•  attributed  both  of  the  positive 
reactions  to  the  calf  serum  antibody  present  in  the  labeled  rabbit  anti¬ 
serum.  In  fact,  the  reactions  suggested  that  the  quantity  of  calf  serum 
was  directly  related  to  the  dilutions  used  in  the  test.  The  optimum  band 
formation  was  obtained  with  a  1  -  1000  dilution  of  normal  calf  serum  and 
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a  1  -  10  dilution  for  the  SFV  chick  embryo  tieeue  antigen.  Since  the  SFV 
chick  embryo  tieeue  antigen  contained  l/SOth  or  less  of  calf  serum,  theee 
reeulte  appear  to  correlate  exactly  vith  the  calf  eerum  level.  The  precipi¬ 
tin  reactions  vith  the  calf  eerum  antigen  and  the  SFV  from  chick  embryo 
tieeue  culturea  vere  poaitive  after  1-1/2  hr.  at  37*C  but  bands  were  not 
dietinct  even  after  IS  hr.  at  5*C;  however,  by  the  fourth  day  distinct 
bands  vere  observed  in  the  higher  dilutions  of  antigen  for  the  two  posi¬ 
tive  reactions.  These  vere  much  easier  to  see  by  fluorescence  microscopy 
than  by  other  means  of  observation. 

This  experiment  emphasizes  the  importance  of  controlling  all  the 
antigens  in  an  immunologic  system,  since  the  reaction  to  the  calf  serum  in 
the  tissue  culture  SFV  antigen  could  have  been  interpreted  as  a  positive 
viral  identification  had  ve  not  tested  the  SFV  in  the  form  of  mouse  brain 
extracts . 


Since  all  of  our  poliovirus  and  SFV  tests  by  immunodiffusion 
bad  been  negative,  ve  felt  that  it  would  be  desirable  to  test  an  antiserum 
prepared  in  some  other  laboratory;  therefore,  a  bivalent  antiserum  was  ob¬ 
tained  from  [the  School  of  Aerospace  Hedicine .  The  antiserum  received  was 
a  rabbit  serum  against  both  poliovirus  1  and  poliovirus  3,  and  had  been 
made  using  antigens  supplied  by  the  CDC  (Communicable  Disease  Laboratory, 
Atlanta^  Georgia). 

Details  of  our  immunodiffusion  tests  with  tie  bivalent  antiserum 
will  not  be  given  but  the  rabbit  antiserum  was  tested  against  both  types 
1  and  2  polioviruses  vith  completely  negative  results.  We  utilized  both 
FITC-labeled  antiserum  (prepared  at  Mil)  and  non-labeled  serum  against 
a  graded  series  of  dilutions  for  polioviruses  1  and  2;  thus  ve  should  have 
gotten  a  positive  reaction  vith  type  1  and  a  negative  reaction  with  type  2 
poliovirus.  However,  by  both  double  diffusion  and  single  diffusion  tests, 
ve  failed  to  get  precipitins  or  band  formation.  The  immunodiffusion  tests 
vere  read  by  all  our  usual  methods  including  fluorescent  microscopy. 


4.  Conclusions 


These  data  on  immunodiffusion  suggest  that  fluorescent-labeled 
antibody  may  improve  the  sensitivity  of  the  procedure;  however,  this  may 
only  be  true  in  tests  in  which  a  true  precipitate  is  formed.  Both  the  SFV 
and  poliovirus  1  studies  indicate  that  vith  virus-viral  antibody  reactions 
the  complex  formed  is  "soluble"  or  at  least  much  less  prone  to  form  a  true 
precipitate  than  is  observed  in  antigen-antibody  reactions  between  bacter¬ 
ial  antigens  and  antibody  or  between  globulins  and  their  antibodies.  It 
is  obvious  that  additional  research  is  necessary  to  develop  a  highly  sensi¬ 
tive  immunodiffusion  test  for  viruses  particularly  at  lover  levels  of  virus. 
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One  possible  method  of  reducing  the  solubility  of  "soluble" 
viral  antigen-antibody  reaction  products  in  the  7ITC  antibody  v.  rua  iden¬ 
tification  procedure  would  involve  the  use  of  aamoniun  sulfate  or  other 
protein  precipitants,  but  this  has  not  been  studied.  He  had  originally 
hoped  that  use  of  JTTC- labeled  antiserum  would  enable  us  to  visualise  fluo¬ 
rescence  bands  of  the  soluble  viral  antigen-antibody  co.tjugates  in  our 
double  diffusion  tubes. 

FITC- labeled  antiserum  appears  to  diffuse  through  agar  much  more 
slowly  than  unlabeled  antiserum  as  Judged  by  the  location  of  the  fluorescent 
precipitin  bands.  Whether  the  migration  rates  of  the  labeled  and  unlabeled 
sera  would  be  more  similar  in  a  non- ionic  gel  has  not  yet  been  established. 
This  property  of  slower  diffusion  of  the  FITC-bagged  antibody  must  be  borne 
in  mind  when  new  methods  of  viral  Identification  such  as  described  in  the 
next  section  of  this  report  are  considered. 

Most  of  the  imsmnodif fusion  studies  reported  were  done  using 
2  mm.  agar  plugs  in  1.6  -  1.6  mm.  capillary  tubes  and  0.05  ml.  of  the 
antigen  and/or  antibody  in  the  individual  tests.  As  reported  by  R ingle 
and  Herndon5*/  these  immunodiffusion  tests  can  be  performed  in  smaller 
capillaries  and  with  smaller  quantities  by  the  use  of  the  micromanipulator, 
thus  increasing  the  sensitivity  of  the  tests.  This  will  be  of  greater  value 
for  known  precipitating  systems  such  as  those  described  in  the  next  para¬ 
graph. 


We  feel  that  extens.on  of  the  immunodiffusion  studies  for  viral 
identification  is  not  advisable  until  some  newer  methods  become  available. 
However,  the  application  of  some  of  these  modified  techniques  to  bacterial 
(and  possibly  fungal)  antigens  and  to  hypersensitivity  studies  may  prove 
quite  beneficial.  This  is  particulsrly  true  for  the  fluorescent  antibody- 
antlgenl  reactions  since  they  appear  to  be  more  sensitive,  more  rapid,  and 
easier  to  read.  By  proper  design  of  a  slit,  it  should  be  possible  to  use 
the  automatic  scanning  mechanism  available  for  the  Aainco -Bowman  Spectro- 
photofluorometer  to  measure  these  fluorescent  band  formations.  Such  a 
technique  offers  a  great  potential  for  bacterial  identification,  diagnosis 
and  possibly  for  detection.  It  would  also  offer  the  other  advantage  of 
micro immunodiffusion;  namely,  that  it  is  very  rapid. 

The  application  of  r ho damine- labeling  to  viruses  has  many  appli¬ 
cations  and  should  be  fully  investigated  as  a  means  of  fgglwg  viruses. 
This  will  be  discussed  more  fully  in  the  next  section. 
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F.  Studies  of  "Soluble”  Virus-Antibody  Complexes 


1.  Introduction 

As  stated  in  the  previous  section*  ve  feel  that  it  may  be 
necessary  to  measure  "soluble"  antigen-antibody  complexes  in  order  to 
identify  viruses  within  the  limitations  imposed  upon  the  project.  We 
know  that  poliovirus  and  poliovirus  antiserum  combine  tc  form  a  neutralized 
complex,  since  we  can  readily  test  the  complex  in  tissue  cultures  and  prove 
that  the  virus  is  tied  up  in  the  complex.  Yet,  ve  do  not  see  a  visible 
precipitate  in  these  neutralized  mixtures.  Also,  we  know  that  complexes - 
of  antibody  and  as  little  as  10  -  100  TCID^q  can  exist,  since  the  neutral¬ 
ised  complex  fails  to  infect  appropriate  tissue  cultures.  Similar  state- 
awnts  can  be  made  for  most  virus -antibody  systems.  Thus,  we  feel  that 
some  mechanism  for  detecting  the  virus -antibody  complex  must  exist  which 
is  independent  of  tissue  culture  or  animal  test  methods.  In  fact,  the 
work  of  Oiron,  Heilman  and  Schmidt  at  Brooks  Air  Force  Base  bears  strongly 
on  this  point. 57, 58/  jn  their  studies  FITC- labeled  poliovirus  antibody 
was  found  to  be  retained  on  columns  of  EEAE  Sephadex.  When  poliovirus 
was  passed  through  the  column  containing  the  tagged  antisera  it  was  com- 
Plexed  and  retained  in  the  matrix  of  the  ion-exchange  column.  The  virus 
could  be  released  by  the  low  pH  dissociation  methods  applicable  to 
antigen-antibody  complexes. 

The  complexes  of  virus  and  antibody  (soluble  ?}  must  be  different 
from  (l)  unbound  antibody,  and  (2)  unbound  virus;  otherwise  they  would  not 
be  "neutralized."  This  difference  can  be  due  to  a  number  of  chemical, 
physical,  and  biological  properties.  HO  attempt  to  review  the  literature 
on  antigen-antibody  complexes  will  be  included  in  this  report;  however, 
we  believe  that  antigen-antibody  complexes  may  have  different  charges  and 
may  have  different  molecular  size  than  either  of  the  two  components  from 
which  the  complexes  are  derived.  If  the  charge  or  ionic  status  of  the 
complex  is  altered  from  that  of  the  antigen  (virus),  then  an  ion-exchange 
material  should  theoretically  separate  the  complex  from  the  unbound  com¬ 
ponents.  The  BEAK  Sephadex  A-25  used  by  Oiron  et  al.  (cited  above)  is  anl 
ion-exchange  medium  and  thereby  might  accomplish  the  separation.  Additional 
studies  on  such  media  appeared  desirable.  Also  we  felt  that  such  studies 
should  be  supplemented  with  experiments  employing  molecular  sieves  such  as 
8ephadex  (various  sieve  sizes  available)  andj  agarose  materials  (Sepherose,£2/ 
Blo-Oel-A.60/  etc.).  Such  materials  of  various  pore  sizes  separate  mole¬ 
cules  of  differing  molecular  weight  by  physical  means  and  constitute  one 
of  the  least  (if  not  the  least)  damaging  of  the  separation  methods  avail¬ 
able.  Molecular  sieves  are  available  for  fractionation  of  substances  with 
molecular  weights  of  less  than  1,000  up  to  150,000,000.  Columns  prepared 
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from  such  molecular  sieves  permit  the  passage  of  the  larger  molecules  first, 
and  a  proportionate  delay  or  complete  retention  of  smaller  molecules.  These 
gel  filtrations  are  functionally  related  to  the  pore  size  of  the  gel  bed 
(generally  spherical  beaded  agar  or  agarose  materials). 

Figure  10  illustrates  the  range  of  separations  achieved  by 
Bio-Gel-A  (one  of  newest  molecular  sieves  and  only  recently  available).  It 
is  apparent  that  enzymes,  globulins,  and  viruses  could  readily  be  separ¬ 
ated  by  passage  through  such  columns.  Steeve  and  Ackers  reported  on  the 
use  of  a  vide  range  of  molecules  for  the  calibration  of  agar  gel s®i/  and  the 
same  authors  reported  the  separation  of  Tobacco  Mosaic  Virus  and  Southern 
Bean  Mosaic  Virus  by  agar  gel  filtration.62/ 

In  theory,  the  molecular  sieves  should  permit  the  separation  of 
an  antigen  or  an  antibody,  or  both  from  a  soluble  antigen- antibody  complex. 
This  assumes  that  the  antigen-antibody  complex  has  a  different  molecular 
weight  (size)  from  the  individual  antigen  and  antibody  components.  Figure 
11  is  a  theoretical  elution  curve  for  a  virus,  viral  antibody  and  virus- 
antibody  complex.  No  report  of  such  a  virus -antibody  study  could  be  found 
in  the  literature;  therefore  we  felt  that  we  should  attempt  preliminary 
studies  aimed  at  using  such  methods  for  viral  identification.  Our  theoret¬ 
ical  considerations  were  bolstered  by  the  report  of  Boyns  and  Hardvicke .®5/ 
These  two  British  scientists  demonstrated  a  similar  phenomenon  with  soluble 
antigen-antibody  complexes  of  rabbit  antibody  to  bovine  serum  albumin. 

They  separated  and  purified  the  complex  from  the  other  serum  fractions  by 
means  of  Sephadex  G-200  columns.  They  also  demonstrated  that  the  soluble 
antigen-antibody  complexes  were  still  active  when  injected  into  animals. 

In  their  experiment  they  worked  under  the  condition  of  antigen  excess 
while  in  our  work  we  are  more  concerned  with  the  antibody  excess  situation. 

Based  on  the  above  discussion  and  the  publication  of  Boyns  and 
Hardvicke, we  did  some  preliminary  studies  aimed  at  molecular  separation 
of  the  virus  antigen-antibody  complex.  Since  the  Amin co -Bowman  Spectro- 
photofluorometer  was  available  and  had  such  an  exceedingly  good  sensitivity, 
we  utilized  it  to  measure  protein  and  the  fluorescence  due  to  the  fluorescent 
antibody  used  in  our  studies. 

The  following  sections  describe  the  materials  and  methods,  exper¬ 
iments,  and  conclusions  and  recommendations  for  the  studies  of  "soluble” 
virus -antibody  complexes. 


Separation  of  Casplex  Virus-Protein  Mixture 
At  Presented  in  the  Bio-Gel  A  Literature. 


(Jell  Diffusion 


CONCENTRATION 


A  VIRUS*  ANTI  SODY  COMPLEX 
9  VIRUS 
C  ANTISODY 


The  arterial*  and  methods  varied  considerably  from  experiment  to 
experiment  depending  upon  the  goal  of  the  study;  therefore,  many  of  the  de¬ 
tail*  are  described  in  the  experimental  section  which  follows. 

In  general  the  preparation  of  the  coluans  of  the  ion-exchange 
and  gel  filtration  oo^ounds  followed  those  given  by  the  aanuf acturere . 64  »65/ 

Protein  and  fluorescent  compound*  were  assayed  by  aeans  of  the 
Aainoo-Bowaan  Spectrophotofluorometer.  Excitation  and  emission  wavelengths 
were  varied  as  needed.  In  general  protein  and  nucleic  eclds  were  measured 
at  880  an  and  260  mil.  Fluorescein  was  assayed  at  495  a^  and  rhodaaine  at 
56S  n».  Virus  titers  and  antibody  levels  werr  determined  in  LLC-NEg  monkey 
kidney  cell  cultures  using  nediua  199^/  for  culture  maintenance . 


2.  Kxpsrlsmnts 

The  experiments  performed  during  this  study  are  ell  preliminary 
in  uatura  and  only  provide  e  base  upon  which  to  extend  and  explore  the 
general  phenol  non  of  separation  cf  virus-antibody  complexes.  Much  of  this 
sork  has  been  of  a  preparative  nature  and  soae  of  reagents  were  also  used 
in  the  studies  on  aicroisnunodiffusion  suanarlsed  earlier  in  this  report. 

a.  Preparative  experiments:  An  FITC- labeled  normal  rabbit 
serum  was  fractionated  using  a  Sephadex  0-200  coluan.  Sephadex  0-200  Is 
the  agar  gel  for  se  par  sting  compounds  with  aolecular  weights  of  5,000  to 
600,000.  By  following  the  fluorescence  emitted  following  ultraviolet 
excitation  at  260  m*>  280  mu,  and  495  mi,  we  were  able  to  demonstrate 
fractions  wltn  various  protein- fluorescence  ratios.  These  appealed  to 
fbllow  the  distribution  of  the  various  proteins  found  in  normal  serum. 

Thus,  we  were  able  to  fractionate  e  fluoresce in- labeled  antibody  in  the 
seas  manner  as  baa  been  reported  for  unlabeled  sera.67*68/ 

After  the  above  procedure  had  been  shown  to  be  feasible,  a 
mc-tagpd  poliovirus  1  rabbit  antiserum  was  fractionated  by  passage 
through  a  Sephadex  0*200  column.  The  fractions  were  again  evaluated  by 
their  fluore»eei«oe  at  260  mi,  363  mu,  and  at  496  mu.  the  first  two  for 
protein  and  496  ms  for  the  fluorescein  label;  each  fraction  was  also 
checked  fbr  the  development  of  a  precipitate  with  saturated  anonium  sul¬ 
fate  to  determine  which  fractions  were  globulins,  albumin,  etc.  Four 
fractions  were  selected  as  being  the  beet  antibody  (78);  these  were  pooled 
and  rerun  over  another  0-200  Sephadex  column.  Again  the  four  beet  frac¬ 
tions}  ware  pooled  and  this  purified  FTTC- tagged  tpoliovirue  antibody  was 
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tested  for  neutralizing  antibody  and  used  for  ianunodiffusion  and 
molecular  sieve  studies  for  soluble  antigen- antibody  conjugates.  This 
purified  labeled  antibody  in  a  1  -  32  dilution  was  capable  of  neutraliz¬ 
ing  approximately  100  TCID^  of  poliovirus  1. 

b.  Preparation  of  purified  rhodamine -tagged  poliovirus  1: 
Brunhilde  poliovirus  1  vas  purified  by  passage  through  a  column  of  !XAK 
Hephadex  A-25  by  the  method  of  Giron  and  Heilman.^7/  Our  results  paralleled 
those  of  Giron.  A  virus  pool  vas  prepared  from  the  three  fractions  having 
the  highest  virus  titer  and  low  protein  content.  Approximately  99  percent 
of  the  virus  vas  recovered  in  this  pool.  It  contained  a  higher  ratio  of 
260  -  260  mu  fluorescence  than  subsequent  less  pure  fractions  coaling  off 
the  Sephadex  A-25  column.  Therefore,  the  ratio  of  RKA  to  protein  vas 
higher  than  for  non-purified  virus.  This  vas  expected  on  the  basis  of  the 
work  of  Schwerdt  and  Schaffer*^/  for  purified  poliovirus. 

The  purified  poliovirus  1  vas  labeled  vith  rhodamine -0- 
isothiocyanate  (Mann  Research  Laboratories)  following  basically  the  sane 
modified  procedure  of  Spendlove^  that  ire  had  used  for  FITC-tagging  of 
antibody.  The  rhodamine  isothiocyanate  vas  suspended  in  0.01  M  phosphate 
buffer,  pH  7.1  and  added  to  the  purified  poliovirus.  (Final  concentration  • 
1  mg.  rhodamine /ml.  The  pH  vas  adjusted  to  9.1  vith  0.04  N  NaOH  and  the 
mixture  allowed  to  stand  0.5  hr.  at  room  temperature.  It  vas  immediately 
fractionated  by  passage  over  a  col urn  of  Sephadex  G-25.  The  unbound  rhod- 
•mine  remained  on  the  column.  Ho  visual  rhodamine  vas  apparent  in  the  firct 
10  fractions,  but  by  black  light  rhodamine  fluorescence  vas  detected  in 
all  10  fractions.  In  fractions  11  and  12  gross  amounts  of  rhodamine  were 
apparent  even  by  observations  under  ordinary  light.  Assay  of  the  fractions 
for  fluorescence  vas  performed  by  excitation  at  365  mm-  The  protein, nucleic 
acid  and  rhodamine  curvet,  were  proportionate  for  the  first  three  fractions 
and  the  levels  o?  each  gradually  increased.  However,  from  the  fifth 
through  the  tenth  fractions  the  protein  Increased  much  faster  than  did  the 
rhodamine  level.  Thie  *fe  interpreted  as  indicative  of  leas  pure  virus ,  and 
i  borne  out  when  viral  assays  in  tissue  culture  were  carried  out.  A  pool 
the  first  four  fractions  contained  60  percent  of  the  virus  treated  with 
^lamina .  The  pool  of  fractions  five  to  eight  contained  only  23  percent 
of  the  virus.  Thus,  we  believe  that  the  virus  in  the  pool  of  fractions 
one  to  four  was  viable  and  labtled  wi'  i  rhodamine. 

This  pool  of  rho&jaine- labeled  poliovirus  1  was  subsequently  used 
in  several  immunodiffusion  studies.  Altboi«h  it  has  not  been  used  as  such, 
it  should  be  a  good  fluorescent  reagent  for  gel  filtration  studies  of  virus- 
antibody  mixtures. 
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c.  Column  testa  of  virus- antibody  Mixtures:  Sephadex  G-200 
ns  UMd  to  study  the  elution  pattern  of  two  mixtures:  (l)  Poliovirus  1 
and  FITC-labeled  poliovirus  antiserum,  and  (2)  Poliovirus  1  end  FITC- 
labeled  normal  rabbit  serum.  The  mixtures  had  been  prepared  the  day  be¬ 
fore  a>v«  allowed  to  react  overnight  at  5*C.  This  was  done  in  order  to 
bring  about  the  maximal  neutralisation  of  the  poliovirus  in  mixture  (l). 
Poliovirus  (10®  -  10*  TCIDcjo)  was  used  in  each  mixture.  Fluorescence  was 
measured  for  14  sequential  fractions  coming  off  the  column  following  ap¬ 
plication  of  each  mixture.  Figures  12a  and  12b  are  graphs  of  the  assay 
results.  The  graph  in  Fig.  12a  plots  the  relative  fluorescence  for  the 
sarples  at  the  various  wavelengths  listed  on  the  right-  and  left hand 
ordinates.  Figure  12b  plots  the  ratios  of  the  280  mu  to  260  mu  fluo¬ 
rescence  for  the  various  samples.  The  higher  the  ratio  the  more  protein 
to  nucleic  acid  is  in  the  sample.  Three  differences  were  noted  between 
the  fractions  coming  from  the  two  mixtures.  Fluorescence  of  mixture  (l) 
attributable  to  the  FITC  on  the  poliovirus  antiserum  followed  a  flatter 
curve  than  the  fluorescence  from  mixture  (2)  attributable  to  FITC  on  the 
normal  serum.  The  protein  curve  (280  mu)  was  much  different  in  the  frac¬ 
tions  from  mixture  (l)  than  from  mixture  (2).  Much  less  protein  was  eluted 
in  any  one  fraction  of  mixture  (l)  than  in  mixture  (2)  and  the  mixture  of 
poliovirus  and  antiserum  did  not  have  a  sharp  peak  of  protein  release.  By 
far  the  most  noticeable  difference  between  the  two  mixtures  was  the  com¬ 
parison  of  the  280  op  to  260  mu  fluorescence  in  the  fractions  collected 
from  the  two  mixtures.  A  very  striking  increase  in  the  ratio  of  280  mu 
to  260  mu  fluorescence  occurred  in  the  poliovirus-poliovirus  antiserum 
mixture.  The  increased  280  mu  to  260  mu  ratio  possibly  indicates  greater 
protein  to  virus  ratio  in  these  fractions. 

Since  the  work  of  Giron  et  al. ,  cited  earlier,  indicates  that 
FITC-laoeled  sera  do  not  move  to  any  extent  when  placed  on  a  column  of 
UEAE  Sephadex  A-25,  we  decided  to  see  if  poliovirus  neutralized  by  a  polio¬ 
virus  antisera  might  move  through  such  a  column  and  thus  be  separated  from 
the  unbound  FITC-labeled  serum.  To  test  this  hypothesis,  we  prepared 
mixtures  of  (l)  poliovirus  1  (106  TCIDgQ)  and  poliovirus  antiserum  (FITC- 
labeled),  and  (2)  spent  tissue  culture  medium  and  poliovirus  antiserum 
(FITC-labeled).  These  two  mixtures  were  Incubated  1  hr.  in  a  waterbath  at 
37 *C  to  permit  virus  neutralization.  They  were  then  fractionated  on  a 
DEAE -Sephadex  A-25  column  and  the  fractions  assayed  on  the  Aminco -Bowman 
with  280,  260,  and  495  m|i  excitation.  Again,  differences  were  observed 
in  the  curves  for  the  two  mixtures,  but  we  are  not  sure  how  to  interpret 
the  results.  Figures  13a,  13b,  and  13c  are  plots  of  the  relative  intensity 
in  the  various  fractions.  Some  protein  came  off  the  column  quicker  in  the 
spent  tissue  culture -antibody  mixture  than  in  the  virus -antibody  mixture. 


RELATIVE  FLUORESCENCE  (495m#*  EXCITATION) 


□  FITC  NORMAL  SERUM  ♦  POLIOVIRUS  FITC  NORMAL  SERUM  +  POLIOVIRUS  O 

O  FITC  POLIO  AS  -I-  POLIOVIRUS  FITC  POLIO  AS  +  POLIOVIRUS  A 


FRACTION  NUMBERS 

Fig.  12a  -  Trial  Separation  of  "Soluble"  Antigen-Antibody 
Complexes  on  Sephadex  G-200 
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Fig.  12b  -  Trial  Separation  of  "Soluble"  Antigen-Antibody 
Complexes  on  Sephadex  G-200 


100 


(NOI1VJLOX3  *W66t)  3DN3DS3d0niJ  3AI1VI3H 


101 


FITC  POLIO  AB  +  POLIOVIRUS 

FITC  POLIO  AB  ♦  SPENT  TISSUE  CULTURE  FLUID 


O  < 

J _ L 


<•  V  (SI  O  > 


co  id 


to 


i 


(N0I1V1IDX3  ^WOBZ)  3DN3DS3NOfnj  3AIXVT3B 


i 

1 


102 


Fig.  13c  -  Trial  Separation  of  "Soluble"  Antigen-Antibody 
Complexes  on  BEAE  Sephadex  A-25 


Also,  when  the  poliovirus -poliovirus  antibody  mixture  was  fractionated, 
there  ms  an  extra  small  peak  of  fluorescence  due  to  FITC  that  moved  off 
the  column  after  the  main  fluorescein  peak.  This  peak  did  not  occur  with 
the  mixture  of  spent  tissue  culture  medium  and  poliovirus  antiserum  (FITC- 

labeled). 

It  should  be  pointed  out  that  the  elution  of  the  FITC-labeled 
poliovirus  antibody  from  DEAE  Sephadex  A-25  in  this  experiment  is  in  con¬ 
trast  to  that  of  Giron in  which  his  tagged  antiserum  held  its  position 
on  BEAK  Sephadex  A-25.  This  difference  may  have  been  due  to  the  methods  of 
column  preparation,  the  buffers  used,  the  incubation  of  the  mixtures  of 
antibody,  or  other  factors. 

Sepharose  4B  is  an  agarose  gel  filtration  medium  which  is  used 
for  fractionation  of  substances  with  molecular  weights  of  300,000  to 
2,000,000.  Columns  of  Sepharose  B  were  used  to  fractionate  two  mixtures: 

(l)  purified  poliovirus  1  (not  labeled)  mixed  with  purified  FITC-labeled 
poliovirus  1  antiserum,  and  (2)  M/15  phosphate  buffer  mixed  with  purified 
FITC-labeled.  poliovirus  1  antiserum.  The  two  purified  materials,  polio¬ 
virus  1  and  the  purified  FITC-labeled  poliovirus  antiserum,  were  those 
described  previously  in  this  section.  The  mixtures  were  prepared  and  in¬ 
cubated  in  a  37  *C  waterbath  for  1  hr.  (for  neutralization  to  occur)  before 
they  were  added  to  the  column.  Approximately  10®* 5  TCIB50  of  poliovirus  1 
were  used  in  each  mixture.  Fractions  were  collected  from  each  mixture 
and  assayed  (as  described  before)  for  protein  and  fluorescence  due  to  the 
FITC.  It  had  been  hoped  that  the  mixture  of  poliovirus  and  poliovirus 
antibody  would  move  off  the  column  at  a  different  rate  than  the  mixture 
of  FITC-polio  antibody  and  buffer.  Within  the  limits  of  assay  the  protein 
and  fluorescence  in  both  mixtures  followed  similar  elution  patterns; 
therefore  the  data  did  not  permit  us  to  distinguish  or  measure  the  "soluble" 
virus-antibody  complex.  The  possibility  must  be  considered  that  agarose 
columns  may  be  capable  of  breaking  up  the  virus-antibody  complex.  If  such 
separation  did  occur  we  should  have  seen  a  change  in  our  protein  elution 
patterns  but  we  did  not. 

The  purified  agar  used  in  our  immunodiffusion  studies  behaves 
both  as  a  molecular  sieve  and  as  an  ion  exchange  substance.  Since  during 
ion  exchange  an  ion  replacement  takes  place,  we  felt  it  would  be  desirable 
to  try  lamunod if fusion  with  a  non- ionic  exchange  material.  We  performed 
two  very  preliminary  experiments  attempting  to  use  the  non-ionic  Sepharose 
4B  as  the  medium  for  iamnuiodiffusion  in  capillary  tubes  and  for  viral  iden¬ 
tification  reactions.  Due  to  the  beaded  nature  of  the  material,  Sepharose 
4B  was  difficult  to  use  in  the  capillary  tubes  normally  employed  for  micro- 
immunndif fusion.  One  attempt  to  react  FITC-labeled  poliovirus  1  antiserum 
with  poliovirus  1  failed  to  work.  However,  in  3  mm.  glass  columns. 


Sepharose  4B  gave  a  suggestion  that  it  might  be  used.  We  applied  »  1  4  4 
dilution  of  FITC-labeled  antirabbit  globulin  to  the  Sepharose  4B  and  im¬ 
mediately  followed  this  with  diluted  normal  rabbit  serum.  As  soon  as  the 
rabbit  serum  had  been  added  to  the  column  of  Sepharose  the  ends  of  the  tube 
were  sealed  with  paraffin  and  the  column  observed  for  fluorescence  using 
the  "black  light."  Within  15  min.  an  area  of  precipitation  (band  ?)  formed 
at  the  top  of  the  column.  This  precipitation  became  more  pronounced  by 
2  hr.  The  precipitate  was  poorly  visible  by  ordinary  light  but  readily 
seen  with  the  "black  light"  and  with  the  ultraviolet  microscope.  This 
latter  study  with  a  known  precipitating  system  suggested  to  us  that  micro¬ 
columns  of  Sepharose  or  other  gel  filtration  medium  might  be  valuable 
once  we  know  how  to  measure  or  separate  the  soluble  virus -antibody  com¬ 
plexes. 


3 .  Conclusions 


Although  these  experiments  on  "soluble"  virus -antibody  complexes 
were  all  of  a  preliminary  nature,  the  data  were  sufficiently  encouraging 
to  suggest  that  these  methods  merit  considerably  more  investigation.  The 
different  patterns  of  elution  of  protein  and  of  fluorescence  antibody  in 
the  studies  with  DEAE  Sephadex  A-25  and  Sephadex  G-200  are  not  completely 
understood  but  a  soluble  complex  may  have  been  demonstrated,  particularly 
in  those  fractions  in  which  the  protein  to  nucleic  acid  ratios  were  high. 

The  use  of  fluorescent-labeled  antibody  and  its  altered  diffusion 
rate  may  have  complicated  the  studies,  yet  it  provided  a  good  tool  with 
which  to  study  the  complexes.  The  FITC-labeled  antibody  was  active  in 
standard  neutralization  tests;  therefore,  such  tests  should  be  more  regu¬ 
larly  used  in  future  investigations. 

Our  preliminary  attempt  at  rhodamine  labeling  of  poliovirus  was 
very  encouraging.  We  believe  that  such  virus  may  be  easily  made  and  that 
by  minor  procedural  changes,  high  concentrations  of  purified- labeled  virus 
can  be  obtained.  Such  labeled  virus  will  permit  a  fluorescent  libel  to 
be  used  on  each  of  the  components  of  the  soluble  complexes.  This  will 
permit  better  evaluation  of  the  relative  positions  and  concentration  of 
both  virus  and  antibody  in  the  various  fractions  derived  from  gel  filtra¬ 
tion  studies.  The  tissue  culture  infectivity  of  the  rhodamine -tagged  virus 
will  permit  us  to  test  fractions  for  both  fluorescence  and  viable  virus. 
Tissue  culture  tests  will  be  necessary  to  prove  that  the  virus-antibody 
complex  has  been  broken  or  is  still  intact. 

We  believe  that  the  rhodamine  label  (and  possibly  other  fluo¬ 
rescent  labels)  may  be  added  to  an  unknown  sample  and  this  labeled  sample, 
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than  uied  tor  viral  identification  by  such  methods  as  used  by  Schmidt  end 
0 iron. 22/  The  latter  utilized  a  radioactive  label  to  follow  the  retention 
of  poliovirus  on  FITC-labeled  poliovirus  antiserum  positioned  on  CSAE 
Sephadez  A-25.  Fluorescent-tagged  virus  should  have  several  advantages 
over  radioactive  virus  for  gel  filtration  studies. 

Future  "soluble"  virus -antibody  studies  must  include  investiga¬ 
tions  of  complexes  made  in  antigen  excess  and  in  antibody  excess  in  order 
to  define  the  parameters  of  the  column  fractionations.  In  such  studies  we 
feel  that  it  is  imperative  to  use  tissue  cultures  for  neutralization  tests 
and  virus  titers  both  before  and  after  the  column  experiments. 

The  effect  of  complement  on  the  gel  filtration  of  "soluble"  com¬ 
plexes  is  an  unknown  and  should  be  evaluated.  The  use  of  complement  might 
permit  an  indirect  assay  procedure  to  be  developed.  The  indirect  assay 
of  the  complexes  by  means  of  labeled-antiglobulin  sera  should  also  be 
investigated. 

These  gel  filtration  studies  lend  themselves  to  the  use  of  radio¬ 
active  labels  on  either  one  or  both  virus  and  antibody,  and  radioactive 
tags  might  be  worth  investigating.  As  previously  mentioned,  we  believe 
the  fluorescent-tagged  reagents  are  easier  to  use  (and  possibly  get.); 
however,  radioactive  tagging  provides  a  highly  sensitive  tool. 

These  "soluble"  complex  studies  are  extremely  encouraging.  By 
the  application  of  the  correct  molecular  sieve,  labels,  and  methods  of 
assay,  it  may  be  possible  to  adapt  such  methods  to  extremely  small  amounts 
of  virus  and  antibody.  We  believe  that  the  utilization  of  more  highly 
purified  antisera  and  possibly  labeled  and/or  purified  virus  may  provide 
us  a  system  for  viral  identification  that  can  then  be  developed  for  use 
with  routine  samples.  This  is  particularly  true  if  a  preparative  pro¬ 
cedure  on  the  viral  sample  such  as  the  QKAI-25  column  method  (as  developed 
at  Brooks  Air  Force  Base)  can  be  applied  before  the  antibody  reaction  is 
attempted. 

In  addition  to  viral  identification  by  soluble  complex  assays, 
we  believe  the  above  techniques  and  principles  will  have  great  potential 
for  other  systems  suchi  as  for  bacterial  and  fungal  identification  and 
hypersensitivity  studies. 


III.  OBCRAL  COBCHJBIOHB  ASP  HlOOfCHDATIOBS 


In  the  experimental  section  of  this  report  we  have  discussed 
briefly  our  findings  concerning  the  applicability  of  each  of  the  six 
identification  methods  for  the  identification  of  either  100  or  10,000  virus 
particles  in  6  hr.  In  this  section  we  are  attesting  to  relate  each  of 
these  experimental  approaches  to  the  project  objectives  and  to  each  other. 

With  the  phagocytosis  in  vitro  method  we  were  able,  on  several 
occasions,  to  achieve  positive  identification  of  250  -  1,000  of 

poliovirus  (both  types  1  and  2)  and  Sealiki  Forest  Virus  in  less  than  6  hr. 
Although  these  identifications  were  performed  and  confirmed  by  different 
operators,  extreme  difficulty  was  encountered  in  repeating  the  preparation 
of  the  sensitized  WBC  which  possessed  the  high  sensitivity  to  viral  anti¬ 
gens  and  which  responded  in  the  identification  tests.  In  spite  of  our 
failures,  we  are  of  the  opinion  that  baaically  this  approach  to  virus 
Identification  can  be  made  to  work  if  someone  will  study  it  for  a  period 
of  two  or  three  years.  Although  we  could  not  assign  a  high  priority  to 
support  of  this  approach,  we  do  believe  that  it  can  become  an  effective 
virus  identification  method  for  aa  little  at  250  virus  particles. 

Our  experience  with  the  phospholipid  bilayer  aeabrane  method  for 
the  identification  of  virus  showed  us  clearly  that  tha  preparation  of 
sensitive  membranes  is  an  art  instead  of  a  scleuc*.  A a  J.  dal  Caatillo££/ 
pointed  out  in  hia  paper  net  all  of  the  ox-brain  phoepholipd  extracts  pro* 
duce  films  which  show  the  Impedance  changes  necessary  for  the  recognition 
of  antigen  by  antibody.  Aa  he  explains  it,  tha  variation  la  in  the  indi¬ 
vidual  ox  brain  employed  in  asking  the  extracts  rather  than  in  tha  tech¬ 
nique  for  processing  the  phospholipid.  These  findings  plus  our  experi¬ 
mental  studies  add  up  to  the  conclusion  that  no  one  knows  what  makes  a 
phospholipid  membrane  reactive  or  inactive.  Bare  again  basic  re  search 
will  be  needed  to  oxplaln  the  biochemistry  of  "reactive"  ox  brains  and 
to  reduce  this  approach  to  a  well  defined  and  reliable  system.  He  feel 
that  tha  potential  applicability  of  such  a  system  la  adequate  to  Justify 
continued  studies  of  this  approach. 

The  particle  electrophoresis  method  for  the  identification  of 
virus  was  triad  with  Senlikl  Forest  Virus  ant ise rum- coated  red  blood  calls 
and  with  poliovirus  2  antiserum-coated  red  blood  calls .  Results  of  these 
studies  were  negative  even  though  both  high  and  low  concentrations  of  virus 
were  used  to  challenge  the  antiaerua-ewi^d  BBC.  The  failure  of  tha  method 
cannot  he  blamed  on  the  absence  of  antibodies  on  the  particles  aa  thtlr 
presence  was  demonstrated  in  agglutination  testa.  The  studies  with 
ant lhunan-Y -globulin-  (rabbit  serum)  coated  red  blood  cells  showed  that 
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challenge  with  human  sense  give  sufficient  reduction  (50  -  €0  percent) 
of  the  electrophoretic  migration  ret*  of  the  rensitised  cells  to  permit  the 
identification  of  the  presence  of  the  human  Y-globulin,  In  conclusion) 
our  experiments  with  the  use  of  particle  electrophoresis  for  the  identifi¬ 
cition  of  virus  were  unsuccessful.  Me  ire  not  recosaending  additional 
studies  along  this  line  since  it  is  unlikely  that  the  use  of  highly  puri¬ 
fied  78  antibody  in  place  of  the  ammonium  sulfate  precipitated  antipolio¬ 
virus  8  antisera*  would  give  enough  of  a  boost  in  sensitivity  to  sake  the 
aethod  successful.  On  the  other  hand,  the  method  may  be  useful  for  the 
detection  of  bacterial  or  other  non- viral  antigens;  in  addition,  ve  have 
reason  to  believe  that  antigen* costed  red  blood  cells  (possibly  viral  or 
non-riral  antigens)  would  be  ust’ful  by  particle  electrophoresis  for  the 
detection  of  antibodies. 

Hydrogen  overvoltage  measurements  were  made  to  detcraL*  the 
ability  of  antiserum  plated  on  the  working  cathode  to  detect  the  presence 
of  antigens.  Our  results  confirmed  the  observation  that  a:.all  quantities 
of  protein  in  solution  are  readily  detected  by  this  msthou  at  pH  of  1.3; 
however,  at  or  near  neutral  pH  we  were  unable  to  detect  either  the  presence 
of  protein  or  the  antigen-antibody  reaction.  Further  studies  on  this  ap¬ 
proach  for  virus  identification  are  not  reooaaended. 

The  immunodiffusion  studies  were  aimed  -it  finding  a  method  to 
cake  them  more  sensitive  and  to  enable  the  vis-.-llxatlun  of  the  eon*  of 
viral  antigen-antibody  reaction  when  such  a  conjugate  is  Voluble. *  Ex¬ 
periments  with  polioviruses  1  and  2  showed  that  the-  double  diffusion  aethod 
no  precipitin  band  was  obtained  when  it  was  allowed  to  incubate  with  Its 
antibody.  The  use  of  fluorescent  ant ipciio virus  1  and  fluorescent  anti- 
poliovirus  2  reacted  with  poliovirus  1  or  2  shew  that  fhere  is  no  fU&- 
resoenoe  band  formed  to  indicate  the  location  of  the  conf.gatAs.  Also, 
no  band  formation  was  observed  in  the  Semllkl  Forest  Virus  system.  There 
is,  however,  ample  proof  that  the  fluorescent  antibody  is  able  to  neutral¬ 
ist  the  virus.  An  important  observation  in  thi*  study  was  that  the  tagged 
antiserum  diffused  gpeh  mo re  slowly  through  afar  than  the  unlabeled  anti¬ 
serum.  Another  was, that  with  a  precipitating  antigen-antibody  system  it  is 
possible  to  detect  the  cone  of  reactance  more  quickly  and  at  a  tenfold 
greater  dilution  when  the  floors  scent -labeled  antibody  is  used  In  place  of 
the  unlabeled  antibody  and  the  inmunodi ffus ion  tubes  are  examined  with  the 
aid  of  tha  fluoreaetnt  microscope.  The  higher  sensitivity  was  observed 
in  single  diffusion  tests.  We  are  not  now  recommending  additional  studies 
of  the  immunodiffusion  procedure  for  virus  identification  but  ve  do  believe 
that  the  method  holds  great  promise  in  tha  identification  of  bacterial  or 
other  non-viral  antigens.  Also  the  method  should  provide  additional  sensi¬ 
tivity  ftor  antibody  essays. 


Studies  on  the  identification  of  virus  through  the  separation 
and  detection  of  the  soluble  virus-antibody  conjugates  are  still  of  a  very 
preliminary  nature  and  it  is  too  soon  to  conclude  what  the  ultimate  ap¬ 
plication  of  these  procedures  to  this  problem  will  be.  However,  we  have 
been  highly  encouraged  with  our  experiments  on  tht  fluorescence  labeling 
of  virus  and  the  retention  of  the  losuno logical  properties  and  viability 
of  the  labeled  virus. 

Studies  on  the  use  of  molecular  sieves  (Sephadex  0-200  and 
Bio-Oel-A)  and  an  ion-exchange  resin  (EEAK  Sephadex  A -25)  have  shown  that 
these  materials  are  useful  for  the  fractionation  or  purification  of  anti¬ 
sera,  fluorescent-labeled  antisera,  virus  preparations ,  and  we  believe 
also,  soluble  virus-antibody  conjugates.  In  our  studies  we  have  observed 
the  protein  and  nucleic-acid  fluorescence  peaks  of  the  various  separated 
fractions  and  also  the  fluorescence  of  the  labels  as  measures  of  the 
reparations  achieved.  In  our  opinion,  studies  on  the  development  of 
methods  for  the  separation  and  identification  of  soluble  virus -antibody 
conjugates  through  the  use  of  fluorescent  tags  on  either  the  antibody  or 
the  virus  r  both,  combined  with  the  use  of  ion-exchange  resins  end  molec¬ 
ular  sieves,  is  e  most  promising  approach  to  virus  identification  and  we 
sue  now  recommending  that  a  concerted  effort  be  made  to  continue  the  pre¬ 
liminary  studies  which  are  reported  here-  The  recommended  studies  should 
include  the  attachment  of  a  number  of  different  fluorescence  labels  to 
different  viruses  for  use  in  the  identification  process,  quantitative 
studies  to  determine  the  minimum- labeled  virus  which  can  be  detected  by 
their  fluorescence  and  studies  to  optimise  the  labelirg,  separation,  and 
identification  procedures.  We  anticipate  that  these  fluorescence  label¬ 
ing  and  gel  filtretion  techniques  will  find  vide  application  in  studies 
of  non-viral  antigens  (bacterial,  fungal,  etc.)  ar'iWdies  and  sensitisa¬ 
tion  reactions. 

Our  demonstration  that  the  fluorescent  labels  are  quickly  and 
easily  attached  to  virus  suggests  that  perhaps  fluorescent-labeled  virus 
could  be  used  in  place  of  the  ltotoplcally  labeled  virus  in  the  rapid 
Identification  prooed’ire  of  Schmidt  and  Giron70/  employing  immobilized 
antibodies.  We  believe  that  this  substitution  would  result  in  s  simpli¬ 
fication  of  the  identification  procedure  and  the  elimination  of  tht 
necessity  for  handling  radioactive  materials. 
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Six  unique  methods  for  the  rapid  identification  of  virus  haye  been  devised 
and  investigated  to  determine  their  potential  suitability  for  use  in  the  fabrication 
of  a  new  virus  identification  system.  In  the  phagocytosis  in  vitro  studies  we  pre¬ 
pared  immune  WBC  and  observed  thsir  response  when  challenged  with  virus.  Impedance 
measurements  on  phospholipid  bilayer  membranes  in  buffer  solutions  have  been  used  to 
detect  the  immune  reaction.  The  effects  of  virus  challenge  on  the  electrophoretic 
migration  rate  of  antibody  coated  plastic  particles  and  tanned  sheep  red  blood  cells 
have  been  measured.  Hydrogen  overvoltage  measurements  have  been  performed  on  solu¬ 
tions  containing  antibody  and  antigen- antibody  complexes.  Fluorescent  tagged  antibody 
has  been  employed  in  the  single  and  double  immunodiffusion  techniques  in  an  effort  to 
visualize  the  "soluble"  virus-antibody  conjugates.  Virus  has  been  tagged  with  rhod- 
amine  to  permit  its  use  with  immobilized  antibody  for  a  viral  identification  process. 
Molecular  sieves  and  ion  exchange  resins  have  been  employed  in  studies  for  the  separ¬ 
ation  and  detection  of  "soluble"  virus -antibody  complexes./' From  these  studies  we  have 
concluded  that  the  in  vitro  phagocytosis  approach  is  likely' to  lead  to  a  very  sensi¬ 
tive  virus  identification  system  if  methods  for  obtaining  uniformly  sensitive  WBC  can 
be  developed.  The  phospholipid  bilayer  membrane  approach  also  suffers  from  the  dif¬ 
ficulty  of  being  difficult  to  control  or  reproduce.  Fundamental  research  on  both  of 
these  approaches  is  recommended  although  immediate  success  is  not  anticipated.  The 
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use  of  fluorescent  antibodies  in  combination  with  the  immunodiffusion 
process  is  not  expected  to  be  valuable  for  the  identification  of  virus; 
however,  this  approach  for  the  detection  of  insoluble  antigen-antibody 
conjugates  is  expected  to  yield  at  least  a  tenfold  increase  in  sensitivity 
over  the  usual  immunodiffusion  methods.  Our  results  with  the  "soluble" 
virus-antibody  complexes  are  of  a  preliminary  nature  but  they  are  most 
encouraging.  We  are  recommending  that  a  high  priority  be  given  to  an  ex¬ 
tension  of  these  studies  and  that  the  new  studies  include  specifically: 

1.  The  labeling  of  viruses  with  a  multiplicity  of  fluorescent  tags.  2. 
The  use  of  molecular  sieves  for  the  separation  of  "soluble"  virus-antibody 
complexes.  3.  Quantitative  estimates  of  the  minimum  level  of  virus  which 
can  be  identified  by  the  combined  use  of  fluorescent-tagged  virus  and/or 
antibody  and  gel  filtration  techniques.  In  addition,  studies  should  be 
conducted  to  determine  the  suitability  of  fluorescent  tagging  of  virus  to 
replace  iso topically' tagged  virus  in  the  identification  system  based  on 
the  use  of  immobilized  antibodies. 


